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ANALYTICAL DEVELOPMENT OF THE PLANETARY DISTURBING 
FUNCTION ON A DIGITAL COMPUTER1 
b y  
I. G. Izsak,2 B. Beni~na,~ and Sara B. Mills 3 
Introduction 
The purpose of t h i s  report  i s  t o  describe our recent ly  completed IBM 
7094 computer program f o r  the  analyt ical  development of t he  planetary d i s -  
turbing function. Our reason f o r  undertaking t h i s  work and the  mathematics 
of t he  program has already been documented i n  su f f i c i en t  d e t a i l  (Izsak and 
Benima, 1963; We are  now con- 
cerned with implementing the  construction of a powerful computational t o o l  
t h a t  has various applications i n  c e l e s t i a l  mechanics. 
Izsak, Gerard, Efimba, and Barnett, 1964) 
A few equations have t o  be added t o  those given i n  SA0 Special  Report 
There w i l l  be a No. 140, and t h e i r  numbering i s  continued i n  t h i s  report .  
small change i n  notation. The choice of t h e  indices ml and 9 i n  t h e  se r i e s  
( 3 0 )  and i n  r e l a t ed  formulas was unfortunate inasmuch as the  same symbols 
were used t o  denote t h e  masses of the planets .  In  t h i s  report  these ind i -  
ces a re  marked with s1 and s2.  The adopted expansion of t he  Jacobi coef f i -  
c ien ts  is  t h e  c l a s s i c a l  one (12) .  I n  order t o  assure greater  f l e x i b i l i t y ,  
our program does not use equations (28) and (29) .  Instead, t he  complemen- 
t a r y  par t  of t h e  dis turbing function is  obtained separately from t h e  pr in-  
c i p a l  one a s  follows. 
The planetary disturbing function takes s l i g h t l y  d i f fe ren t  forms depen- 
ding on the  chosen coordinates i n  the basic  d i f f e r e n t i a l  equations of motion. 
Such a choice a l so  a f fec ts  t h e  most convenient def in i t ion  of o r b i t a l  elements. 
Three p o s s i b i l i t i e s  of d i s t i n c t  advantage o f f e r  themselves: 
r e l a t i v e  coordinates, canonical r e l a t ive  coordinates, and Jacobi’s canonical 
coordinates (Charlier,  1927). 
conventional 
Onlythe f irst  two w i l l  be considered here. 
%his work w a s  supported i n  part by grant number NsG 87/60 from t h e  
S e s e a r c h  and Analysis Division, Smithsonian Astrophysical Observatory, 
National Aeronautics and Space Administration. 
Cambridge, Massachusetts. 
’Computations Division, Smithsonian Astrophysical Observatory. 
-1 - 
Working with conventional r e l a t i v e  coordinates, w e  need f o r  t h e  
perturbations of an inner planet by an outer one t h e  function 
-1 -1 -2 
R = Gm2a2 {a2A - a r r cos @ ]  , 2 1 2  
and f o r  t h e  perturbations of an outer planet by an inner one 
-1 -1 -2 
R = G m  1 2  a Ja2A - a 2 2 1  r r cos e ] ,  
1 
cos e ) *  denotes the  mutual distance of t he  planets,  
L e t  us introduce the  
2 w l i e r e  G = (r2 + r 
and the  expressions i n  cur ly  brackets are  dimensionless. 
auxi l ia ry  function 
- a i- 1 2  1 2  
r r  
a a  
p = -  I cos @ ; 
1 2  
then we can write 
2 2  -2 ??& and - a r r -2 cos @ = @  2 2 1  - a r r  c o s @ = -  2 1 2  
Working with canonical r e l a t i v e  coordinates (Poincare’, 1897), we f ind  
-1 again a A 
The complementary par t ,  however, tu rns  out t o  be 
as the  (dimensionless) pr inc ipa l  par t  of t h e  dis turbing function. 2 
where m stands f o r  t h e  mass of t he  Sun. This function i s  the  same fo r  t he  
perturbations of t he  inner and outer planets .  0 
To sum up, t h e  elaboration of a planetary per turbat ion theory requires 
i n  e i t h e r  of these cases the  development of t h e  functions a A-’ and D i n t o  
a multiple Fourier s e r i e s .  2 
. 1. The pr incipal  par t  
In analogy with equation (31)’ the  development of t h e  function a A-’ 2 i s  of t he  form 
m m w w  
whose arguments can a l so  be w r i t t e n  as 
illl + i2h2 - jlwl - j2w2 9 
where 
i l =  j + k + R  and i2 = j, - k + A  . 1 
The coef f ic ien ts  c of t he  above trigonometric series i n  tu rn  are 
Jlj2kc h 
power series in the elements el, e 
expressions by means of Laplace coeff ic ients  and Newcomb operators were 
derived i n  Special  Report No. 140. 
repeat here some of t h e  equations used i n  t h e i r  computation: 
and u = sinz(J /2) .  Their general 2’ 
For t h e  sake of easy reference we 
s s  s s  
C = I t c j j k A  1 2  e 1 e 2 ,  1 2
1 2  j, j2kA = - j,, -j2, -k, -A  
s1 s2 
t h e  summations being extended over a l l  values of t h e  indices s 
f o r  which 
and s2 1 
s1 = IJ,I + 2hl ’ s2 = lj21 + 2h2 ’ 
and - 
s s  s s  
= .1.2(Dlk,R) bu(cz) j 
‘j 1 2  j kR J1J2 
the combined Newcomb operators a re  defined by 
s1s2(Dl k,A) = ::(Dlk+A) s2 (D(-k+R)  ; 
j1j2 j 2  
(27‘) 
-3 - 
(a), and f o r  1 2 0 the expansion of the Jacobi * 
b l k M  
a = a / a , b  (a)= 1 2  kA 
coef f ic ien ts  i n  terms of Laplace coeff ic ients  i s  given by 
m 
where m 
In  other words, we  have 
with 
s = A t m  and 
2. The complementary par t  
There i s  not much t o  say about t h e  ana ly t ica l  development of such a 
simple function as p .  
coeff ic ients  by t h e  expansion ( 3 2 ) .  
It i s  e a s i l y  obtained from the de f in i t i on  of Hansen 
The general form 
of t h i s  development is  t h e  same as  (31 ' ) .  But because i n  (68) 
cos p, = P cos ( u  -u ) 4- v cos ( u  +u2)  , 1 2  1 
03 a, 
1 9 1  j2 
and ( r  /a ) exp iu2 = z *j2+1=2 52 1,l j l  2 2  
-w -W 
-4 - 
only the  following combinations of t h e  indices k,L occur: 
* 
The coeff ic ients  y are 
j,j2kA 
Thus using the  def in i t ion  
m 
of the  Newcomb "operators," we f ind  the expansions 
= I  
1 S 
esles2 1 2  +E 
1 S 
s s l  
1 2  C yjlj210 
2 
S 
s s  
e l e  'u 
1 2  
where 
Then the  coeff ic ients  i n  t h e  Fourier se r ies  of the  (dimensionless) 
complementary par t  of the  disturbing function are 
-5 - 
f o r  conventional r e l a t ive  coordinates, 
and (75) 
m, a-3 
f o r  canonical r e l a t ive  coordinates. 
F r m  now on we assme t h a t  the pr incipal  and complementary par ts  of 
t he  disturbing function have been merged. That is ,  t he  c-coefficients a r e  
supposed t o  have been modified so as t o  include t h e  contribution of the  
y-coefficients . 
3 .  The pattern of indices 
Once the mathematics of t h e  developments (31’) and (75) is formulated 
and the  several required subroutines are  a l l  coded, our problem consists of 
organizing the l a t t e r  in to  an e f f i c i en t  unity. 
The ultimate building elements of the  disturbing function depend on 
seven indices. 
i n f i n i t e  range. I n  prac t ica l  applications, of course, the  relevant expan- 
sions have t o  be limited t o  a f i n i t e ,  although sometimes a very large number 
of terms. Various circumstances can be used with advantage. 
Each of these indices j,, j2,k,A,sl,s2,s has a theore t ica l ly  
The coefficients c of our quadruple Fourier series contain the  
j,j2ka A 
1’11 elJ21 ,~.cI. A s  el, e2, and u2 are small quant i t ies  of usually 1 2 fac tor  e 
comparable order of magnitude, it i s  natural  t o  l i m i t  the  development t o  
those values of t he  indices, j,, j2, and A ,  f o r  which 
cal led t h e  rank of a term, does not exceed a ce r t a in  preassigned integer  P. -
Similarly, with the  expansion (69) w e  associate  t he  integers 
q = s 1  + s  2 + 2 s s Q ,  
Note that q-p  = 2r i s  s1s2s and c a l l  them the degree of a coeff ic ient  
always a nonnegative even integer.  Needless t o  say, the proper l i m i t s  P 




In  general, t he  Laplace coefficients and the i r  derivatives decrease 
with increasing absolute values of the index k. 
Of t he  Fourier s e r i e s  derived from (31’) introduces divigors t h a t ,  as a 
ru le ,  slowly increase a t  t he  same time. (Long-period terms with small d iv i -  
sors const i tute  a notable exception t o  th is  ru l e .  
they must be t rea ted  with spec ia l  care.) Thus w e  may a l so  impose a con- 
d i t i o n  Iklg K. 
Moreover, the integrat ion 
Like t h e  secular terms, 
Due t o  the symmetry i n  r e l a t i o n  ( 3 O ’ ) ,  it is  su f f i c i en t  t o  compute the 
terms of the disturbing function the  indices of which are 
k = O  
k = 1, ..., K j l = 0  j , = o  R = O  ( p = o )  
j, > o j2  = o R = o (p = j, = 0, ..., P) k = -K,...,K 
If the  terms belonging t o  these indices are known, then t h e  complete ex- 
pression (31 ’ )  i n  t h e  range p 5 P, Ikls K i s  obtained by taking twice a l l  
t h e  terms jus t  specified, except the f i r s t  one, which is  a constant. 
L e t  us give a concrete example. The 98 solutions of t he  inequality 
lJll+l j,l+ 2~ s 6 i n  question are: 
j, j2 4 j, j2 J j, j2 J j, 3, 
0 0 0  0 4 0  0 3 1  4 0 1  
- 1 3 0  - 1 2 1  3 1 1  
1 0 0  -2 2 0  -2 1 1  2 2 1  
0 1 0  -3 1 0  -3 0 1  1 3 1  
2 0 1  - 2 - 1 1  0 4 1  
2 0 0  1 1 1  - 1 - 2 1  -1 3 1  
1 1 0  0 2 1  0 - 3 1  - 2 2 1  
0 2 0  -1 1 1  1 - 2 1  - 3 1 1  
- 1 1 0  - 2 0 1  2 - 1 1  -4 0 1  
0 0 1  - 1 - 1 1  1 0 2  - 3 - 1 1  
0 -2 1 0 1 2  - 2 - 2 1  
3 0 0  1 -1 1 -1 0 2 -1 -3 1 
2 1 0  0 0 2  0 -1 2 0 -4 1 
1 2 0  1 -3 1 
0 3 0  5 0 0  6 0 0  2 -2 1 
-1 2 0 4 1 0  5 1 0  3 -1 1 
-2 1 0 3 2 0  4 2 0  2 0 2  
1 0 1  2 3 0  3 3 0  1 1 2  
0 1 1  1 4 0  2 4 0  0 2 2  
-1 0 1 0 5 0  1 5 0  -1 1 2  
0 - 1 1  -1 4 0  O 6 0  -2 0 2  
-2 3 0 -1 5 0 -1 -1 2 
4 0 0  -3 2 0  -2 4 0  0 -2 2 
3 1 0  -4 1 0  -3 3 0  1 -1 2 
2 2 0  3 0 1  -4 2 0  0 0 3  
1 3 0  2 1 1  -5 1 0  
1 2 1  
-7 - 
s we r e c a l l  that 1’ s2’ To f ind t h e  appropriate indices s 
1 1 1  0 0 3  
0 2 1  
3 0 1  
2 1 1  
1 2 1  
0 3 1  
0 0 2  
1 0 2  
0 1 2  
2 0 2  
1 1 2  
0 2 2  
0 0 3  
1 0 3  
0 1 3  




+ m = r s 3 (Q-p) . hl 4- h2 
For example, corresponding t o  the  choice P = 6 and Q = 8, we get: 
p = o  p = l , 2  p = 3 , 4  P = 5 , 6  
r = l  r = 4  r = 3  r = 2  
The s i ze  of the  individual coefficients is  i n  r e a l i t y  much less 
regular than the  foregoing general remarks would seem t o  indicate.  Human 
judgment 
probably preferable t o  computer-made decisions. The e f f i c i en t  use of t he  
present program i s  f a c i l i t a t e d  by the  following features .  F i r s t ,  f o r  each 
combination of t h e  j,, 
of t he  coeff ic ients  t o  be retained, as well as an i n t e r v a l &  S k S 
index k. 
pute the coeff ic ients  c or  t o  evaluate the  monomials c 
This way w e  get a f a i r  idea about t h e  convergence of the  ana ly t ica l  develop- 
ment of t he  disturbing function i n  any part icular  case. 
of t he  divisors  of integrat ion is a l so  exhibited. 
the  program i n  Part 4. 
as t o  which terms should be kept and which neglected is here 
1, indices we specify s e p a r a t e l y t h e  degree q 
j2, 
of the 
Second, t h e  program can be run i n  two modes, namely e i the r  t o  com- 
s s s  s s 
le 2 s U 1 2  
s s s  
J,j2k~’ j,j2ka el 2 
Third, t he  e f fec t  
We s h a l l  say more about 
are the mean motions of the two planets, 1, n2 Since the  quant i t ies  n 
t h e  angular frequency of a term i n  the  Fourier series (31‘) i s  approximately 
can give rise t o  a cer ta in  combination 
ilnl + i 2 n 2’ It i s  therefore  of in te res t  t o  know which indices j 1’ j,, k, 1, 
i l = j l + k + l ,  and i2 = j, - k + a . 
These re la t ions  are equivalent t o  
j, + j, + P L = i  1 + i2  , (76) 
For a given pa i r  of indices il, i equation (76) has an i n f i n i t e  number 2 
of solutions.  
these are f i n i t e  i n  number. Indeed, the indices j 
conditions (76) and I jll+l j21+ 2 lA lS  P are: 
But we are interested only i n  solutions w i t h  rank p s P, and 
1 sa t i s fy ing  the  1, j29 
-9 - 
Once a pa i r  (jl, j,) has properly been chosen, t h e  value of the index k 
i s  determined by equation (77). 
(jl, j2,k,A) under the  condition il+ i 2 0; whenever the  convention adopted 2 
on p. 7 i s  violated, we simply change signs, except i n  t h e  case i +i2 = 0, 
where t h e  quadruples v io la t ing  our convention can be disregarded. 
It is  suf f ic ien t  t o  obtain the quadruples 
1 
As an example, le t  us consider t h e  great inequal i ty  i n  t h e  theories  of 
Jupi ter  and Saturn associated with the  arguments 
Due t o  t h e i r  small divisors ,  such terms of t h e  dis turbing function must be 
carr ied up t o  an exceptionally high rank. 
The appropriate solutions of equation (76) are exhibited i n  t h e  following 
figure,  where open c i r c l e s  indicate  t h a t  t h e  s ign  of t h e  corresponding indices 
i s  t o  be changed. 
Put P = 9, so t h a t  u = 6, v = 3 .  
4. The program 
Introduction 
The program i s  wri t ten i n  FORTRAN I1 f o r  the IBM 7094 computer and 
double-precision ari thmetic i s  used. 
C 
t h e  combined Newcomb operators (see Special  Report No. 140) t o  the Jacobi coeff i -  
It computes t h e  coef f ic ien ts  
s s s  
(70)  of the  Fourier expansion of t h e  d is turb ing  function by applying j,J,kd 
-10 - 
cients which a re  derived from the Laplace coeff ic ients  (see Special Report No.129). 
It also gives the f i rs t  and second derivatives DC and D C, where D = CY 2 a --  
2 s s s  
a n d C = c  and the  fract ions C/N, DC/N, and C/N , where N = il+ Pi,. 
jlj2kd’ 
s s s  s s 
(69) 1 2 e le gvs A second mode is  provided tha t  computes the monomials c j,J,U 1 2 
The complementar 
or outer planetsg, or  i n  canonical re la t ive  coordinates as specified by the  
user. 
Program l i m i t  a t  ions 
par t s  are  computed i n  conventional r e l a t i v e  coordinates (inner 
There a re  two versions of the  program. The first and smaller version 
requires13356 c e l l s  of lower core and 3341 c e l l s  of common storage. The 
l imitat ions of this version are: 
s s s  
1 2  fo r  k and L i n  c 
3,j,ki ’ lkl s 15, 4 2 0 
A C  
t he  degree q s 8 , 
t he  rank p s  6 
The second version requires 15360 cells of lower core and 6305 c e l l s  
of common storage. Here the  l imitations are: 
( k l s 2 0 ,  L r O ,  q l s 1 0 ,  and p r 9 .  
F i r s t  the  Laplace coeff ic ients  D J b:‘ are computed and stored f o r  l a t e r  
use. 
coef f ic ien ts  of these polynomials. 
j, j , 4, t he  minimum and the  maximum l i m i t s  of k, and the degree q of t h e  
coeff ic ients  c 2 we want t o  compute. 
Next we generate the  inner and ou te r  Newcomb operators and s to re  the 
The program then reads i n  t h e  parameters 
s s s  2 
j1j2k4 
All possible combinations of sl, s2, and s f o r  t he  given parameters j,, 
and min to kmax j,, A, and q a re  computed and stored. Then f o r  each k from k 
f o r  each combination of sl, and s we r e c a l l  from storage the corresponding 
S- S- s2’ 
inner and outer Newcomb operators and evaluate them f o r  t he  
current values of (k+L) and (-k+A), respectively (26‘). 
Polynomials i n  the d i f f e ren t i a l  operator D are multiplied together. 
The two resu l t ing  
The product 
s- s- 
(26’). Next t he  bkLm and all i ts  
l l j ,  j, 
polynomial i s  the  combined operator 
.Lc 
required der ivat ives  a re  determined for each new m. 
bined operator t o  the  bkLm (70). 
Fina l ly  we apply the com- 
-11- 
s s s  
If t h e  c have t o  be evaluated f o r  a very la rge  number of 
jlj2kd 
indices,  it i s  more e f f i c i en t  t o  compute a l l  t he  possible combinations 
of t he  b 
s to r ing  them f o r  l a t e r  use. 
would require an ex t ra  1200 locations.  
d i r ec t ly  af ter  t h e  computation of t h e  Laplace coef f ic ien ts ,  
In  the  smaller version of t h e  program th is  
kern 
Because of t he  symmetry c = c  ( 30 ' ) we evaluate 
j,j2k4 - j l y  -J2, -k, -1 
only half  of the coef f ic ien ts  and then multiply each of them by two except 
t h e  coooo. To avoid duplication, we adopt t he  convention t h a t  L is always 
grea te r  than o r  equal t o  zero and i f  A = 0 then j, 2 0. 
i s  violated we simply reverse the  signs of a l l  four  indices.  
If t h i s  convention 
If lkl .t I = 1 and the  coef f ic ien ts  of t he  complementary par t s  i n  formula 
(75) a re  nonzero 
c i en t s  i n  the coordinates specif ied by t h e  user i n  the  input and add them t o  
the  pr incipal  par t s .  
then we compute the  complementary par t s  of the c-coeff i -  
In these cases the  pr intout  is  preceded by an a s t e r i sk .  
Usage 
The f i r s t  da ta  card should contain s i x  control  characters f o r  t h e  pr in t ing  
O f  intermediate r e s u l t s  using the  format (6110). They control  t h e  pr in t ing  of 
t h e  Laplace coeff ic ients ,  t h e  inner and the  outer J's, t he  inner and the  outer 
X's (Special  Report No. 140), and the  time used by t h e  program, i n  t h a t  order.  
A blank card w i l l  suppress the  pr in t ing  of a l l  intermediate r e s u l t s .  
Each group of input cards w i t h  indices m u s t  be preceded by a control  card 
which indicates the  mode and t h e  choice of coordinates and gives the  values of 
t he  program parameters. The f irst  character on a cont ro l  card should be e i the r  
a ' C '  f o r  coeff ic ients  or  a 'M' f o r  monomials followed by a 1, 2,0r 3 f o r  con- 
Yentional re la t ive  coordinates, inner or outer planet, or  canonical r e l a t i v e  
coordinates, respectively.  
p(0  < @ = n2/nl < 1) follow, and i f  monomials a r e  requested, t h e  values f o r  el> e2, 
and 6 (= sin J/2).Finally, i f  canonical r e l a t i v e  coordinates were specif ied,  
defined by a t r a i l i n g  blank. 
The values f o r  cu(0 < a! = a /a < 1) and 1 2  
and mo/m2. The control  cards a re  i n  f r ee - f i e ld  format, and numerals a r e  "0'"l 
-12- 
This control card is  followed by a group of parameter cards, each card 
For each containing j,, j , R ,  kmin, 
j,, j , k, and 4 where k runs through a l l  the in t eg ra l  values from k t o  
and q with a format of (6110). kmax' 2 
2 min 




sign on the  input card, the  printout w i l l  be suppressed. 
For every s e t  of indices s 1, s2, s, j, j2, k, 4, t he  coeff ic ient  
s s s  
i t s  first two Newcomb derivatives, and the  fract ions C/N, DC/N, and 
j j2k4 ' 
2 are  evaluated and printed out. If the  value f o r  q is  preceded by a minus 
To end a group of parameter cards a blank card i s  inserted.  The program 
then reads a new control card f o r  the next group of parameter cards. 
t o  terminate the  program a card with a zero or a decimal point is placed 
d i r e c t l y  a f t e r  t h e  blank card. 
In order 
W e  s h a l l  now discuss the  MAIN program and the  subroutines t h a t  have not 
already been described i n  the  Special Reports Nos. 129 and 14.0. 
MAIN program 
After the  necessary in i t i a l i za t ions  and the  reading of t he  print-control 
card, t he  MAIN program reads the  f i r s t  control card in to  a buffer.  
w i l l  ex i t  if the  coordinate code number i s  zero. Hence a card with a zero or 
a decimal point i n  the  place of a control card w i l l  terminate the  program. 
A blank card may not be used since the numerals on the  control  card a re  read 
i n  a free-f ie ld  format. If' t he  coordinatecode number i s  not zero, the  f i r s t  
character of t he  control  card image i s  read from the  buffer. If t h i s  charac- 
t e r  is nei ther  a 'M' or a ' C '  an error message is  returned and the  program 
ex i t s .  
and a, 8, ml, and m2 are picked up. For monomials, i .e. , in case of a 'M', 
Q, f!, el, e2, 5, ml, and q 
negative. 
t h e  Laplace coeff ic ients .  
t he  Laplace coeff ic ients  are printed out. 
cal led t o  develop the  inner and outer Newcomb operators and s to re  them i n  two 
l inea r  arrays.  
Of coordinates. 
requested, t he  values of e 
computed and stored. 
The program 
If it i s  a IC' the  card is  read f o r  t he  second time from t h e  buffer 
are read and the  coordinate control code is  set 2 
The program then c a l l s  the subroutine MORCOE t o  compute and s to re  
If the  first pr in t  control is  greater  than zero, 
Next the  subroutine COMBOP is 
The appropriate headings a re  wri t ten according t o  the  choice 
If the coordinate code is  negative, i.e.,if monomials were 
and u are printed out and t h e i r  powers a re  1' e2' 
The program now proceeds t o  read a parameter card with j,, j,, A, kmin, 
and q using t h e  format (6110). Compliance with t h e  program l imitat ions kulax, 
i s  checked,and i f  not s a t i s f i e d  an error message is  returned. 
-13- 
The subroutine INDEX finds and s to re s  a l l  possible combinations of 
S s and s f o r  t he  given s e t  of parameters. The program ends with a 
loop i n  which k is stepped up from kmin t o  k 
combination of s s and s t h e  subroutine SOLVE is  ca l led  t o  compute and 




L Z  pr in t  t h e  c 
S ~ S ~ ~ A ‘  
The program then goes back and reads the  next parameter card. 
blank parameter card i s  encountered, t he  page l i n e  count is  r e se t  and a 
new control  card i s  read i n .  If the  new CY d i f f e r s  from t h e  previous one, 
t h e  Laplace coeff ic ients  a re  computed again f o r  t he  new CY. 
If a 
MORCOE 
The subroutine MORCOE first computes the  Laplace coef f ic ien ts  f o r  
s + 3 = 3 by ca l l i ng  LPWOF. 
i n  Special  Report No. 129 and i s  used here e s sen t i a l ly  unchanged except f o r  
dimensions and storage arrangement. 
This program LPICOF i s  described i n  d e t a i l  
A l l  the  r e s u l t s  of LPLCOF are  s tored i n  t h e  common area and are later 
overwritten by the  r e s u l t s  of the  Newcomb operator program. 
computes the  Laplace coef f ic ien ts  D b 
recursion and s tores  t h e  r e s u l t s  i n  lower core f o r  l a t e r  use by t h e  BKLM 
program. 
MORCOE then 
j s+3 from s + 4 = 13 t o  s + 3 = 43 by k 
Using formula (16) i n  Special  Report No. 129 we compute D j bk s+3 for 
= 1, 2, 3, 4, and j = 0 ,  ..., Q - 2s+ 2, first f o r  k = 0 ( tak ing  
DJbT2 = D j M 4 )  bl and then f o r  k = 1, . .., 19 (smaller vers ion) .  
COMBOP 
The subroutine COMBOP constructs t h e  inner and outer Newcomb operators 
and s to re s  t h e i r  coeff ic ients  f o r  l a t e r  use i n  two l i n e a r  arrays AICM and 
ATEMP, respectively.  
I It does so by ca l l i ng  t h e  Newcomb operator program w r i t t e n  at M.I.T. 
and described i n  the  second par t  of Special  Report No. 140. We have adapted 
t h i s  program t o  f i t  our needs. 
l imi ta t ions  and made some changes of which t h e  more important are the  f o l -  
lowing. 
(Special  Report,No. 140) were eliminated. 
coeff ic ients  of a l l  inner and outer  operators up t o  degree 8 i n  two arrays 
AICM and ATEMP each of only 625 double words. These two arrays occupy t h e  
same space i n  t he  common area t h a t  w a s  used previously f o r  a l l  t h e  i n t e r -  
mediate r e su l t s  of t h e  Laplace coef f ic ien ts  program. 
W e  were mainly concerned with s torage 
The numbers i n  column 16 of a r ray  AICT on t h e  bottom of page 30 
This made it possible t o  s to re  the  
The PRINT rout ine w a s  
-14 - 
'simplified,and INTVAL was eliminated. 
B I G P S I  are not needed f o r  t h e  present application. We added t h e  rout ine 
OUTRJS which constructs t h e  outer J ' s  from the  inner J ' s  by subs t i tu t ing  
(-D-1) f o r  D (page 14, Special  Report No. 140) which i s  accomplished by the  
subroutine NSUBST. The outer J 's  are  s tored i n  ATEMP. The subroutines 
STORE and KEEP are combined t o  one routine and modified s o  t h a t  it now 
can service both arrays AICM and ATEMP. 
are s imi la r ly  changed. 
The rout ines  GEITAS, GETPSI ,  and 
The subroutines TRANS and DIVIDE 
After ca l l ing  GETJS, COMBOP calls OUTRJS and then twice GETXS, once 
with AICM as argument and t h e  second time with ATEMP t o  produce the  inner 
and outer X ' s .  The X-arrays overwrite t h e  J-arrays i n  storage. 
Having generated and stored t h e  Laplace coeff ic ients  and t h e  inner and 
outer Newcomb operators, w e  are ready t o  enter  t he  inner loop of t h e  program 
s, s,s 
f o r  each s e t  of indices.  I C  which computes and p r in t s  t h e  c j  ka 1 2  
OUIXJS moves each inner J t o  the  working array AICT with t h e  subroutine 
TRANS,then converts it with NSUBST t o  the corresponding outer J and s to re s  
t h i s  outer J i n  t h e  array ATEMP. 
NSUBST 
The subroutine NSUBST constructs each element of t h e  outer J-array by 
multiplying each element of t he  same or  higher degree i n  D i n  t h e  same k- 
column of t h e  inner J-array by the  proper coeff ic ient  of t he  Pascal t r iangle ,  
which t r i a n g l e  w a s  stored during t h e  development of t he  Newcomb operators, 
and by t h e  proper a l te rna t ing  s ign and then adding these products together.  
INDEX 
The subroutine DIDEX generates a l l  combinations of sl, s and s 2' 
according t o  t h e  scheme on page 8 and s to re s  t h e  resu l t ing  sets i n  a two- 
dimensional array. 
of combinations sl, s and s f o r  each set of indices i s  a l so  returned t o  
the MAIN program. 
The rout ine consists of three loops. The t o t a l  number 
2' 
The subroutine SOLVE has two functions, t h e  computation and t h e  pr in t ing  
s s s  1 2  of t h e  coef f ic ien ts  c 
jlj2kA 
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The format for  t h e  headings i s  constructed during execution time. 
The spacing of t h e  coeff ic ients  of t h e  cosine argument i s  handled by a 
subroutine FORMAT. If t h e  divisor  N = i + p i  is  zero, only t h e  first 
half  of t h e  heading i s  printed and three columns instead of s i x  are 
wri t ten out. 
1 2  
If lkl + A = 1 and t h e  coeff ic ients  of t h e  y-components (75) belonging 
The format i s  adjusted so t h a t  the heading is  preceded by 
t o  t h e  selected coordinate system are nonzero, then there  w i l l  be a coni- 
Plementary part. 
an a s t e r i s k  and a f l a g  i s  s e t  f o r  t h e  computation of t h e  complementary par t .  
A running l i n e  count is  kept lest  t h e  headings are s p l i t  over two pages. 
After the headings are wri t ten out, the coeff ic ients  a r e  computed i n  a 
and s . The first time 1’ s2’ loop t h a t  i s  repeated f o r  each combination of s 
through t h e  loop and each time q changes, t h e  bkAm and i t s  derivatives are 
evaluated by t h e  subroutine BKLM from the  Laplace coeff ic ients .  
p r i a t e  combined NFwcomb operator now i s  produced by t h e  subroutine COMBIN 
i n  t h e  form of a polynomial i n  D. The subroutine APPLY then applies t h i s  
combined operator t o  the  proper derivatives of b 
1 2  
C ( T O ) ,  t h e  Dcj kA,and t h e  D cj k A o  
( 3 0 ‘ )  t he  coefficients a re  doubled except f o r  t h e  c 
by N and 3. 
The appro- 
t o  yield t h e  
kAm s s s  s s s  
Because of t h e  symmetry i n  
and then divided 
s s s  
jlj2kJ 1 2  1 2  s s s  
0000 
If t h e  f l a g  f o r  a complementary par t  i s  set, t h e  value of s is  checked. 
If s i s  greater than one, t h e  f l a g  i s  erased. But i f  s = 0 or  s = 1, t h e  
function program GAMMA computes f n:t (111) ns2 (114J) and depending on 
Jr, I c . .  
which coordinate-system w a s  selected, y then i s  multiplied by t h e  relevant 
factor  i n  (75). 
a r e  added t o  t h e  corresponding pr incipal  pa r t s .  
The complementary part  and i t s  first and second der ivat ives  
In  case of monomials a l l  
s s  
coeff ic ients  and quotients a re  multiplied by e l e  2 ~ s  
1 2  
After the f i n a l  loop i s  s a t i s f i e d ,  control  i s  returned t o  t h e  MAIN 
program t o  pick up a new set of indices.  
This function subprogram checks each coeff ic ient  i n  t h e  cosine argument. 
If it i s  posit ive a + sign is  inser ted i n  t h e  format. Proper spacing is  
provided depending on whether t h e  integers  have one o r  two d i g i t s .  
Using the binomial coefficients computed by the  Newcomb operator program 
and t h e  Laplace coeff ic ients  computed by M ~ C O E ,  t h e  terms of t h e  sum i n  (12)  
are evaluated and summed. The sum is then multiplied by LA$,] and given t h e  
-16 - 
kign from formula (70) .  This is  repeated f o r  a l l  derivatives up t o  degree 
(q-2s +2). 
COMBIN 
r[91 This subroutine moves t h e  inner Newcomb operator 
from t h e  l i nea r  array AICM t o  t he  working array AICT. 
negative, we change first the  signs of j 
since the  Newcomb operators were constructed only fo r  p z 0 i n  view of t h e  
symmetry re la t ion  ( 3 3 )  or ( 3 7 )  of Special Report No. 140, It then c a l l s  t he  sub- 
routine EVALUK which evaluates t h i s  polynomial by subst i tut ing f o r  k t h e  cur- 
rent  numerical value of k+R.  
If j happens t o  be 1 
k, and A, using t h e  equal i ty  ( 3 3 ) ,  1' 
The same procedure i s  followed f o r  t h e  outer 
n 
operat or ; E n e x c e p t  t h a t  t h i s  time t h e  polynomial is  evaluated f o r  t h e  
value ( -k+A) . 
The subroutine MF'POLY multiplies t h e  two polynomials i n  D and s to re s  
t h e  resu l t ing  combined operator. 
program. 
Control then is returned t o  the SOLVE 
EVALUK 
Subroutine EVALUK simply multiplies each element of t h e  array AICT by 
t h e  proper power of t he  constant k+A f o r  t h e  inner operators and -k+A f o r  
t h e  outer operators, and sums the  products i n  each row. 
MPPOLY multiplies t he  two polynomials t h a t  resul ted from t h e  two calls 
t o  EVALUK. Then 
each term of t h e  product polynomial is assembled by forming a l l  products t h a t  
contribute t o  t h i s  term and summing these products. They are found by step- 
ping up t h e  degree of t h e  term i n  the f i rs t  polynomial and stepping down the  
degree i n  t h e  second polynomia1,thus keeping t h e  sum of the degreec constant 
and equal t o  t h e  degree of t he  term of  the product polynomial being assembled. 
It first establishes t h e  degree of t h e  product polynomial. 
APPLY 
The subroutine APPLY multiplies each numerical coefficient of t h e  com- 
and w i t h  the f i rs t  bined operator w i t h  t h e  corresponding der ivat ive of b 
and second higher derivatives.  Each of these products i s  summed i n t o  i t s  
1 2  previous t o t a l  t o  form c 
kem 
s s s  
2 1 2  
1 2  
s s s  
and D c j  kA 
s s s  1 2  
j, j2kA' Dc jlj2kA' 
-17 - 
GAMMA 
To compute the  y ' s  of formula (74) f o r  the complementary part ,  we  
first check the value of k. 
must be zero. 
If k i s  nonzero, [ kl must be one and 4 
Otherwise an error  message is  returned. If k i s  negative 
w e  change the  signs of j 1' j2, and k. Then we evaluate nl: (111) and 
n A 
O2 (11-1) w i t h  the  function routine PI  and multiply them together. 
If s = 0, we return. If s = 1, we change sign. In case k = 0, we check 
if 4 = 1 and s = 1. If t h i s  i s  true, we compute y = n9, (111)n;; (111). 
A l l  other cases resul t  i n  an error  message and exi t  from the  program. 
1 S S 
PI -
PI evaluates j, (11 1) and (11 -1). If a j is  negative, we 
J2 
change the s ign  of j and of k, using the re la t ion  (33) .  Then w i t h  equation 
(36') we f ind nl from the  inner X-array and move it t o  AICT w i t h  the  
routine TRANS. 
We add a l l  elements of each column and then add these column to t a l s ,  
O r  i f  k = -1, we form an alternating sum. if  k = 1. 
immediately following the references, we give two p r in t  -out saaples of 
the program. They both per ta in  t o  the planets Jupi te r  and Saturn. 
presents ( i n  mode C )  a somewhat more extended development of the disturbing 
f'unction than Leverrier's c lass ical  one i n  the Annales de 1'0bservatoire de 
Paris, vol. 10, p. 68 and pp. 72-93. 
of our program; the required machine-time w a s  about one minute. 
exhibits ( i n  mode M) the secular terms 
great inequality up t o  the 9th powers of the eccentr ic i t ies ,  whenever necessary 
t o  conform withmodern standards of accuracy. 
Appendix I 
It w a s  produced by the smaller version 
Appendix I1 
and the  long-period terms of the 
I -18 - 
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SA0 ANALVtICAL OEWELOPMBNT OF W E  PLANETARY OISlUROIN6 FUNCTION 
CONWCNCICNAL M L l r l W E  COOROINATES~ INNER PLANET 
8 L P M  b .54%323 BETA * .4026058 
U . J I X . L l  C O S (  I L r I L - J W - J W I  
1 2  1 1  2 2  1 1  2 2  
C oc 
2 
o c  CIN O C I M  C/NW 
1s .S I s I X.XXIXXXXE-- X.XXXXXXXE--- X.XXXXXXXE-- x.xxxxxxM--- x.xxxxxxxE--- X.XXXXXXXE--- 
1 2  
I 0. Ob 0. o I co6 I *a *OL *OM *OM 1 
1 2 1 2  
2 
C OC o c  
8 0.  
I 2. 
8 0. 
1 4 .  
8 2. 















01 0 I 
06 0 I 
Ob 0 I 
Ob 0 1 
2) 0 1 
4 i  0 I 
O b  0 I 
2) 0 1 
46 0 I 
66 0 I 
Ob 1 1 
01 1 I 
Zb 1 
06 I I 
2b I I 
41 I I 
Ob 2 1 
O I  2 I 
21 2 I 
06 3 I 
I.OPOliME 00 
L I T 3 0 3 3 O E - 0 1  
2.173013.E-01 
1.199616OE-01 






















1- 1488470E 00 












- 9 . ~ 1 3 5 0 9 1 ~  01 
4 8  ob 01 I. 0 I cos I .1L -1L *ow .ow I 
1 2 1 2  
C oc 































D E  C/* ocm C/N.N 
1.023STWE 00 1.2b20115E-01 4.41453WE-01 2-1121102E-01 
6.5262413E 00 4.1257OOlE-01 1.92bTYO1E 00 b.9070052E-01 
b.52624b3E 00 4.1257001E-01 1.9267588E 00 6.9070152E-01 
1.4024205E 01 2.1218195E-01 2.242515TE 00 3.5b39UIE-01 
1.0064119E 02 2.10061bIE 00 I.901?31SE 01 4.b006015E 00 
3.9655412E 01 1.4055424E 00 1.bTOO475E 00 2.3531040E 00 
-2.9175?13E 01 -2.0280835E 00 -9.0313966E 00 -3.39667?2€ 00 
-4.221434.E 02 -1.2440174E 01 -1-5049536E 01 -2~082105IL 01 
-4.2214348E 02  -1.24401T*E 01 -8.50495341 01 -2.0026051E 01 
4.2969331E 02 1.29T0945E 01 8.T417749E 01 2-1120841E 01 
8 0. 01 1. 0 I cos I *ZL -2L .ou .ow I 
1 2 1 2  
2 
1 0. 01 0 t 2.57?1?96E-01 6.0300775E-01 1-6509552E 00 Z~l5TTZ5OE-OI 5.04T659M-01 I.4061I93E-OI 
1 2, 01 0 I -4.615811'IE-01 -5.4167466E-01 I.OPTT718L 00 -3.914029OE-01 -4.5342523E-01 -3.2763575E-01 
I 0. 2) 0 I -4.6758111E-01 -5-4167466E-01 1-89???11E 00 -3~9140290E-01 -4.5342523E-01 -3.21635TSE-01 
8 4. Ob 0 I 3.1169384E-01 1.0901057E 00 9.0196H3E 00 2.609lZOOE-01 9 - 1 2 5 7 3 0 9 ~ 0 1  2.184019OE-01 
1 2, 2b 0 1 Z.ZO9348TE 00 9.9820144E 00 1.6566829E 01 1.0494025E 00 8.355T4848 Do I - U I 0 9 0 S E  00 
8 a 0 4 4 ) O I  b.5585296E-01 3.8561121E 00 3-003lT73~ 01 SA90016SE-01 3.22T8T5OE 00 4.595505OE-01 
1 0- Ob I I -1.22209llE 00 -5.0693944E 00 -2.1402S5OE 01 -1.02345121 00 -4.2434905E 00 -0.5681416€-01 
I 2. 04 1 I -3.ZZb42161 00 -3.3421961E 01 -3.2904OSIE 01 -2.T001743E 00 - 2 ~ ? 9 0 1 0 9 1 1  01 -2~2607651E 00 
C oc D C  CIN MI* C I W N  
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I 0 .  2. I 1 -3.2264216E 00 -3.3421961E 01 
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1 2. 0, I I 1-036993lE-01 -1.3616266E 01 
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I 0 .  0. 4, 0 I cos I *4L -4L row row I 
I 2 1 2  
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I 2. 0. 0 I 
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I 0. 0. 2 I 3.6bbb5bOE 00 3.1190252E 01 
1 0. 0. 5. 0 I cos I *5L -5L +OY *OY I 
1 2 1 2  
I 0. 0 .  0 I 
I 2. 0. 0 I 
I 0. 2, 0 I 
C oc 
2.1811190E-02 1.4993149E-01 
-4.SOS2498E-01 -2.3101113E 00 
-4.S052498E-01 -2.3101113E 00 
1.97210SSE 00 9.9110055E 00 
1.123090bE 00 3.9895090E 01 
1.1289159E 00 9.1665698E 00 
-2.8813430E-01 -2.0022262E 00 
2 ~ 8 9 1 O I I l E  00 1.3121488E 01 
2 . 8 9 l O l l l E  00 1.3121488E 01 
2.5466262E 00 2.3150250E 01 
O C  





























I 4, 0 .  0 I 
I 2. 2. 0 I 
I 0. 4, 0 1 
I 0. 0 .  1 I 
i 1. 0 .  1 I 
I 0. 2, 1 I 






3~81941OlE  01 
2.4534b95t 02 
0 .  0 ,  b e  0 1 COS I +6L -bL +OY +OW I 
1 2 1 2  
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I 2. 0. 0 I 
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I 0. 0 .  2 I 
C oc 
1.3910332E-02 8.9191436E-02 
-3.3453bblE-01 -2~01091316  00 
-3.3453bblE-01 -2.010913IE 00 
2-1413016E 00 1.3012981E 01  
8.2984648E 00 5-1138S93E 01  
1.88180b3E 00 I.1161814E 01  
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2.9361012E 00 1.910424LE 01 
1.1118360E 00 1.1441582E 01 




































0 0. 06  1. o cos I *n -IL *OM +ow I 
I 2 1 2  
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-1.3551153E-01 -1~1031110E 00 
-2.3554153E-01 -1~1031110E 00 
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I O .  Ob 9. 0 I cos I +PL -9L +on row I 
I 2 1 2  
C DC 
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0 0. 0. 11. 0 I cos t*11L -1IL .OM *OM I 
1 2 1 2  
7 
I 0. 0. 
1 2. 0. 
I 0 .  2. 
1 4. 0 .  
1 2. 2, 
I 0. 4, 
I 0. 0. 
I 2. 0. 
1 0. 2. 
I 0 .  0. 
C oc o c  C I Y  M I *  CIN-N 
0 1  5.0574918E-04 5.1654629E-03 6.629294%-02 1-6913222E-05 8.1148289E-04 1.I11505OE-05 
0 ) -4.3181049E-02 -4.8836131t-01 -5.5S63914E 00 -6~51200I6E-03 -1A321163E-02 -1.W02352E-03 
0 I -4.3181049E-02 -4.8836731E-01 -5.55639141 00 -6.5120016E-03 -1.4327763E-02 -1.0002352E-03 
0 1  9.5696411E-01 1.0160210E 01 1.2152076E 02 1-456466lE-01 1.6316656E 00 2.21668955-02 
0 )  3.1137173E 00 4.1182956E 01 4.72309101 02 5.6521452E-01 6.35921698 00 8.6023633E-02 
0 1  8-8404050E-01 9.9524865E 00 1.126079OE 02 1-345418lE-01 1.51413301 00 2.047169lE-02 
1 ) -1.0862151E-02 -1.39393808-01 -1.8381135E 00 -1.6532729E-03 -2.1215240E-02 -2.5162223E-04 
1 1  8~1985116E-01 1.0145510E 01 1.2713121E 02 1-2471851E-01 1.S441104E 00 1-8W0845E-02 
1 )  8-1985116E-01 1.014S51OE 01 1.2173121E 02 1.241185lE-01 1.5441104E 00 1.8990845E-02 
2 1  1-7581096E-01 2.6091859E 00 4-0223404E 01 2.61518OZE-02 3.91108791-01 4.0724420E-03 
I I .  0 . - l l .  0 3 cos I-I1L *1ZL -1Y *OY I 
1 2 1 2  
C O C  C I N  OCIN GIN.* 
I 1. 0. 0 I -4-8146128E-03 -5-9Wl984E-02 -1~5015510~-01 ?.8060831~-04 9.1049628E-03 -1-2656248E-04 
I 3. 0. 0 1 2.2034644E-01 2.11861881 00 3.3129958E 01 -3.5725462E-02 -4.4011821E-01 5-19228341-03 
I 1. 2. 0 ) 4.9080098E-01 6.05116TZE 00 7.5191224E 01 -1.9515105E-02 -9.8216484E-01 1.2901162E-02 
I 1. o*  1 I 1.1610883E-01 1.62151WE 00 2.3218105E 01 -1-8922369E-02 -2-63884648-01 3.0679432E-03 
I 1. O , - l l .  0 I cos (-lot *1IL - 1 Y  *OY I 
1 2 1 2  
2 
I 1. 0. 0 1 -8-4459124E-03 -9.6566S65E-02 -1~1145833E 00 1-5162084E-03 1.1335486E-02 -2.1218141E-04 
I 3. 0. 0 I 3.195lIlOE-01 3.6190734E 00 4.1249316E 01 -5.1358335E-02 -6-4969066E-01 1.0296883E-02 
I I. 2 ,  0 I 1.1917520E-01 8.1502361E 00 9.2961086E 01 -1-2910526E-01 -1.4631183E 00 2.3116184E-02 
I I. 0. 1 I 1.8911123E-01 2.4I27186E 00 3.2749402E 01 -3-3962609E-02 -4.4030839E-01 6r0969llOE-03 
C OC O C  C f N  OCIN C I Y I N  
C OC O C  C l N  W I N  c I*.* 
I 1. 0. 0 I -1-4153066.C-02 -1.I394IOSE-01 -1-6246b96E 00 2-9665483E-03 3.0954485E-02 -5.9651390E-04 
I 3. 0. 0 I 4-5289280E-01 4-4623OZSE 00 4.M15012E 01 -9.0906875E-02 -9-3749634E-01 1.8279565E-02 
t I. 2. 0 I 1.0308490E 00 l.Ol36596E 01 l.lO56914E 02 -2.0121302E-01 -2.1388081E 00 4.167245lE-02 
I 1. 0. 1 I 3.0331401E-01 3.6359296E 00 4.5121917E 01 -6.0992428E-02 -7-3111311E-01 1.2261365E-02 
0 1. 0 .  -9. 0 1 cos I -04. *9L -1n *OY I 
1 2 1 2  
2 
C oc 0-c C I Y  O C I Y  C J N W  
I I .  0. 0 1 -2-5636669.C-02 -2.4190322E-01 -2.3146319E 00 5.8581014E-03 5.5Z81105E-02 -1.33881ME-03 
I 3. 0. 0 I 6.2010709E-01 5.7619018E 00 5.4011W4E 01 -1-418262lE-01 -1.3181300E 00 3.2111281E-02 
I I. 2. 0 8 1-4314349E 00 1-3314008E 01 1.2543186E 02 -3-2849439.C-01 -3-0563370E 00 1.50102Z1E-02 
I 1. 0. 1 ) 4-1991095.C-01 5.2864521E 00 6.0705M8L 01 -1-0968689.C-01 -1.2081033E 00 2.50665468-02 
I 1. 0. -8. 0 3 cas I -1L *EL -1n *OY I 
1 2 1 2  
2 
I 1. 0. 0 ) -4.42636OOE-02 -3.13473W.C-01 -3.2068425E 00 1-1114554.C-02 9-8841414E-02 -3.1003013E-03 
1 3. o*  0 I 8-1982169E-01 6.1784832E 00 5.64810931 01 -2.16970951-01 -1.1939550E 00 5.7422302E-02 
I I. 2. 0 I 1.9371913E 00 1.6049230E 01 1.340810SE 02 -5-1284481E-01 -4.2414982E 00 1.3512662E-OI 
I I. o*  I I 7.4744598E-01 1.5100619E 00 7.9389573E 01 -1.91814828-01 -1.9815704E 00 5.2352549E-02 
C oc o c  CJ* OC J N  CIY.N 
I 1. 0. -I. 0 I cos I -6L *?L - 1 Y  .OY I 
1 2 1 2  
2 
1 1. 0. 0 I -?~5801116€-02 -5.6393469E-01 -4~2913991E 00 2.3821842E-02 1.7127109E-01 -7.49020699-03 
I 3. o* 0 I 1.0291608E 00 7.4458’fllE 00 5.4199008E 01 -3-2310204f-01 -2-3405863E 00 1.0115472E-01 
I 1. 2. 0 I 2.5004213E 00 1.8131186E 01 1.32604.21E 02 -1.8599954E-01 -5-6995155E 00 2.4107648E-01 
I 1. 0. 1 I I ~ l 4 1 0 1 9 l E  00 1-0312455E 01 1.00418dZE 02 -3-586946OE-01 -3.2605485E 00 1.1275452E-01 
C OC o c  CIW MI* cimw 
-27 -  
4 1. 0.  * b e  0 1 COS 1 -R +bL -1Y  +OM 1 
1 2 1 2  
2 
1 1. 0 .  0 I -1.284177lE-01 -8.2134348E-01 -5.4941007E 00 4.9699464E-02 3.2019359E-01 -1-9234393E-02 
8 3. 01 0 I 1.20b91536 00 7.4490218E 00 4.60429616 01 -4.6709324E-01 -2.8820188E 00 1.8017167E-01 
1 I. 2. 0 I 3 .OULlME 00 1.1879732E 01 1.1182535E 02 -1.177558lE 00 -1.3061221E 00 6.55731836-01 
I I. 0. 1 I 1.b984066E 00 1.3834165E 01 1.2206147E 02 -6.5130730E-01 -5.354011lE 00 2.5438719E-01 
C  OC o c  C f  N  O C f N  C f N a N  
8 I. 01 -5. 0 I COS I -4L +5L - 1 Y  +OY I 
1 2 1 2  
2 
1 I. 0. 0 I -2.1435769E-01 -1.1675582E 00 -6-636168lE 00 1.0190336E-01 5.877253bE-01 -5.4316388E-02 
I 3. 0. 0 I 1.2110530E 00 6.47116616 00 3.2220669E 01 -6.4321558E-01 -3-2601775E 00 3-2379692E-01 
I 1. 2. 0 I 3.408OLObE 00 1.7478539E 01 8.9010524E 01 -1.7155242E 00 -8.7983458E 00 8.6356045E-01 
I I. 0. 1 I 2.4441840E 00 1.7652111E 01 1.4143056E 02 -1.2306556E 00 -8.1860201E 00 6-194b732E-01 
C OC o c  C f  N  O C I  N  CIN*N 
I I. 0 ,  -4. o I cen I - 3 ~  + 4 ~  - I n  +OY I 
1 2 1 2  
2 
L 1. 0. 0 1 -3.501424bE-01 -1.5592439E 00 -1.4035758E 00 2.5203581E-01 1.1223583E 00 -1.ll41112E-01 
I 3. 0. 0 I 1-14b234dE 00 4-4175655E 00 1.5012489E 01 -8.250702lE-01 -3.1198049E 00 5-9389327E-01 
8 I t  2. 0 I 3.361¶145€ 00 1.3394212E 01 5.0176012E 01 -2.4196926E 00 -9.64121856 00 1.74111136 00 
8 I r  0. I J 3-3605403E 00 2.1266859E 01  1.5466759E 02 -2.41094826 00 -1.5308084E 01 1.7411815E 00 
C  oc o c  C f N  D C I  N  CIYWN 
I I. om -B. o I COS I -ZL + 3 ~  -in +OY I 
1 2 1 2  
2 
4 1. 0s 0 I -5.5241139E-01 -1.9136197E 00 -1.3158836E 00 6.9151125E-01 1.41643741 00 -8.80135621-01 
& 3. 0. 0 I 7.3730038E-01 1.6256416E 00 -8.62740816-01 -9.310023OE-01 -2-0521265E 00 1.1755931E 00 
1 I. 2, 0 I 1.649S361E 00 6.9854095E 00 1.0333386E 01 -3.34S6l l lE 00 -8.82060011 00 4.2245702E 00 
1 1. 0 ,  1 I 4.317b358E 00 2.3727114E 01 1.5781531E 02 -5.45195541 00 -2.99614ObE 01 6.804281OE 00 
C  oc O C  C f N  D C l N  CI*.* 
1 1. 0. -1. 0 I cos I -IC r2L -1Y +OY I 
1 2 1 2  
2 
1 1. 0 ,  0 1 -l.1103980E-O1 -2.0314931E 00 -6.21114S5E 00 4.19194741 00 1.04318041 01 -2-1569038E 01 
L 3. 0. 0 8 1.1632731E-01 -8.7028106E-01 -1.0524519E 01 -5.9768928E-01 4.47150091 00 3.07092531 00 
I I. 2. 0 I 1.2059996E 00 I13446341E-O1 -1.8411289E 01 -6.1964ZIZE 00 -6~908125OE-01 3.18313898 01 
I I .  0 0  I I 4.9804794E 00 2.38400639 01 1.485149OE 02  -2.55896841 01 -1.2249016E 02 1.31479701 02 
C  DC o c  CfW O C f N  C f N - N  
41 I. 0. -1. 0 I COS I +OL +1L - l Y  +OY I 
1 2 1 2  
2 
I 1. 0. 0 I -2~OlZ25O8E-Ol -1.1541461E-01 -3.3409211E 00 -5.14601ME-01 -1.92575b21 00 -1.2719377E 00 
I 31 0. 0 I -3.2061092E-01 -1.759508bE 00 -1.1935819E 01 -7.9635519E-01 -4.3694329E 00 -1.9176093E 00 
I 1. 2. 0 I - 8 J l 8 1 4 l l E - 0 1  -4.4140035E 00 -2.9239211E 01 -2.04098llE 00 -1.0961408E 01 -5.0b84209E 00 
I I. 0 0  I I 3.9091711E 00 1.9982438E 01 1.2691961E 02 9.1071465E 00 4.96229021 01 2-410749bE 01 
C  oc o c  C f N  D t f N  C f N - N  
I. 0. -0. o I cas I ~ I L  +OL -IY +OY I 
1 2 1 2  
2 
I 1. 0. 0 I -~rR06198 lE-01  -6.485531lE-01 -2.4891S12E 00 -2.2065981E-01 -b.4855311E-01 -2-ZOb5981E-01 
I 3. 0. 0 I -1.473172bE-01 -1.05353336 00 -8.2933311E 00 -1.47327Zbt-01 -1.05353331 00 -1.4732726E-01 
I 1. 2. 0 I -1-8442822E-01 -3.8380575E 00 -2.48850WE 01 -7.8442622E-01 -3.8380515E 00 -7-8442622E-01 
I 1. 0. I I 3-1311049E 00 1.5352230E 01 9.95402136 01 3.13170431 00 1.5352230E 01 3.1317049E 00 
C  oc o c  C I N  OC/* C f W N  
41 1. 0. 1. 0 I COS I +21 -lL - l Y  *OY I 
I 2 1 2  
2 
1 Ib  01 0 I -S-6461594E-02 -2.4810133E-01 - 1 ~ 2 9 3 1 1 0 1 1  00 -3.5347831E-02 -1.55324ObP-01 -2-212954ZE-02 
I 31 0. 0 I 5.7900661E-03 -2.9070888E-01 -3.92145136 00 3.62481bSE-03 -1.819985bE-01 2.2693572E-03 
1 1. 2, 0 I -3rZ900bZbE-01 -2.11224286 00 -1.b1861196 01 -2.OS914bhE-01 -1.3223115E 00 -1-28950136-01 
I I, 0 ,  I I 1-4854098E 00 9.1932151E 00 6.8628185E 01 9.2994214t-01 5.1554582E 00 5.8ZI9I lZE-01 
C  OC O C  C f *  D t f N  C f N O N  
I I. 0. I .  o I cos I 0 3 ~  -ZL -1n +OY I 
1 2 1 2  
2 
I I. 0. 0 I 2.1403105E-01 3.8OS3789L-01 3.8bb7539E-01 9.752WI8L-02 1.7339513E-01 4.4438238E-02 
I 3. 01 0 I -4.9S4b309E-01 -1.0169118E 00 -3.1816009t 00 -2.2576172E-01 -4.6336675E-01 -1.0287014E-01 
1 1, 2. 0 1 -b-&432190E-01 -2.03223528 00 -1-08862011 01 -3.0270495E-01 -9.2600124E-01 -1.3192994E-01 
I I. 0. 1 I #.8914943E-02 3.56248636 00 3.8904103E 01 k.0514lOSE-02 1.b232754E 00 1.84608PSE-02 
C  oc o c  C f  N  O C I  N  C/N*N 
-28- 
I I. o* 4. 0 I cos t *5L -4L -IN *OY I 
1 2 1 2  
2 
I I. 01 0 I 1.027415IE-01 4- 19963698-01 1.7106650E 00 3.0313077E-02 1.2391026E-01 0.9441074E-03 
I 3. 0. 0 I -7.7566523E-01 -3-1223855E 00 -1.2669377E 01 -2.2885998E-01 - 9 - 2 1 ~ 5 9 6 4 ~ - 0 1  -6.752512OE-02 
I 1. 2. 0 B -1.llI2068E 00 -4-6087291E 00 -2-0107049E 01 -3.2786151E-01 -1.3598052E 00 -9.6735516E-02 
1 I. 01 I I -4.0676526E-01 -1.7233409E 00 -1-6805614E 00 -1.4362006E-01 -5..1)4716lE-01 -4.2375009E-02 
C oc O C  C I N  OCIN CIN*N 
' .  
I I. 0. I. 0 I cas t *6L -5L - l Y  *ow I 
1 2 1 2  
2 
I I. 0 .  0 I b.4220205E-02 3.3181665E-01 1.7212469E00 lA159302E-02 0.3233591E-02 4.0534339E-03 
I 3. 0. 0 I -7.Z848634E-01 -3-6964968E 00 -1.81553501 01 -1.8273507E-01 -9.2723716E-01 -4.5037657E-02 
I 1. 2. 0 I -1-0972393E 00 -5-6291744E 00 -2-9123118E 01 -2.7523384E-01 -1.4120341E 00 -6.9010246E-02 
I 1. 0 .  I I -4.4255039E-01 -2.3695513E 00 -1-1401043E 01 - l . l lO1229€-01 -5.9438331E-01 -2.7846561E-02 
C oc o c  C I Y  OCIN CIY*N 
t I. 01 6. 0 1 COS t *7L -6L - l Y  *OY I 
1 2 1 2  
2 
I I. 0. 0 I 3.9226276E-02 2-4295374E-01 l-SIO57WE 00 I.SST4290E-03 5.3001707E-02 1.866ISO8E-03 
I 3. 0. 0 I -6.2057949E-01 -3-7953610E 00 -2.3339738E 01 -1.3538286E-01 -8.2797906E-01 -2.9534522E-02 
I 1. I* 0 L -9.7176347E-01 -5.9712244E 00 -3.7076747E 01 -2.1199560E-01 -1.3026558E 00 -4.6248016E-02 
1 I. 0 s  I I -3.4938397E-01 -2.3541062E 00 -1.5699237E 01 -7.6220051E-02 -5.1356133E-01 -1.6627827E-02 
C or. o c  C I N  OCIN CIN-N 
I I. 0 ,  I .  0 I cos t *OL -7L -1Y  *OY I 
1 2 1 2  
2 
I I. o* 0 I 1.3429382E-02 1-6926958E-01 1.2339lZbE00 4.5219997E-03 3.2669960E-02 8.7277083E-04 
1 3. 0. 0 I -4.9399999E-01 -3.5320223E 00 -2.S395211E 01 -9.5344715E-02 -6.0169973E-01 -1.0402055E-02 
1 I. 2* 0 I -7.9721421E-01 -5-7129924E 00 -4.1254705E 01 -1.5387252E-01 -1-102639OE 00 -2.9698243E-02 
I I. 0. I I -2.5514239E-01 -2.0306506E Do -1.6366325E 01 -4.9213886E-02 -3.9192029E-01 -9.5043410E-03 
C oc o c  C I N  OCIN GIN-N 
I I. oI 0. o I COS t * 9 ~  -OL - in *on I 
1 2 1 2  
2 
C OC 0-c C I N  OCIY CI" 
I I. 0. 0 1 1.3001879E-02 1.1386568E-01 9.46800331-01 2.3090018E-03 1-9705011E-02 4.1342843E-04 
I 3. 0. 0 I -3.7411226E-01 -3.0593499E 00 -2.515409OE 01 -6.4741953E-02 -5.2943543E-01 -1.1203911E-02 
I 1. 2. 0 1 -6.1831379E-01 -5.06225012 00 -4.1710610E 01 -1.0700395E-01 -0.7604722E-01 -1.8517556E-02 
1 1. 0. 1 I -1.7724171E-01 -1.6132064E 00 -1.4960115E 01 -3.0672544E-02 -2-T917325E-01 -5.3080336E-03 
I 11 01 9. 0 I COS t+lM -9L -1Y  *OW I 
1 2 1 2  
2 
I 1. 0. 0 I 0.0521#&5E-03 7.4617418E-02 6.9650659E-01 1.2629244E-03 1.1703173E-02 1.9008007E-04 
I 3. 0. 0 I 4.T269197E-01 -2.5089632E 00 -2.3201401E 01 -4.2770442E-02 -3.9351175E-01 -6.7082179E-03 
1 1. 2. 0 I -4.5944627E-01 -4.2297072E 00 -3.9158IlOE 01 -7-2060646E-02 -6.6340919E-01 -1.1302163E-02 
I I. 0. 1 I -1.1809673E-01 -1.2120039E 00 -1.2610659E 01 -1.0640046E-02 -1.9023159E-01 -2.9248039E-03 
C oc o c  CIN OCIN C/N*N 
1 1. 01 10. 0 I cas I111L -10L - l Y  *ON I 
1 2 1 2  
2 
I I. oa 0 I 4.6602551E-03 4.791517IE-02 4.9582796E-01 6.6831496E-04 6.0713890E-03 9.5041296E-05 
1 3. 0. 0 I -1.9205517E-01 -1.9709240E 00 -2.0236900E 01 -2.7656854E-02 -2-8264515E-01 -3.9661969E-03 
i 1. 2s  0 I -3.3000974E-01 -3.3745883E 00 -3A670419E 01 -4.7337303E-02 -4-0394085E-01 -6.7885184E-03 
I 1. Oa I I -I.7717611E-02 -0.7619030E-01 -1.0066709E 01 -1.1145279E-02 -1.256533OE-01 -1.5983151E-03 
C OC o c  C f  n OCIN CIN-N 
I 0. I.-IO. o I COS t-im ~ I L  +OM -I* I 
1 2 1 2  
2 
I 0. 1. 0 I 1.5230399E-02 1.5198745E-01 1.6777025E 00 -2.T355747E-03 -2.0541191E-02 4.910863OE-01 
I 2. 1. 0 I -1.0646674E 00 -1.0986876E 01 -1.14200T4E 02 1.9112751E-01 1.9723476E 00 -3.4310926E-02 
6 0. 3 b  0 I -b.O113433E-01 -6.20747ME 00 -6.45811)25E 01 1-0791474E-01 1-1143S64E 00 -1.9372693E-02 
0 0. 1. 1 I -3.1205005E-01 -3.7487328E 00 -4.65077WE 01 5.6162374E-02 6.7296693E-01 -1~0002106E-02 
C OC o c  CIN OCIN CIN-N 
0 0 ,  I, -0. 0 I COS 4 -u *lOL *OM - l Y  I 
1 2 1 2  
2 
C oc o c  CIN OCIN C f  NSN 
2.657247OE-02 2-5069546E-01 2.39821088 00 -5.3431956E-03 -5.OIO9~74E-02 1.0744104E-03 I 0. I. 0 I 
I 2. 1. 0 I -1.4901260E 00 -1.3863002E 01  -1.3000997E 02 2.99634726-01 2.7875741E 00 -6.0250586E-02 
I 0. 3. 0 I -8.5205784E-01 -7-9410437E 00 -1.4583541E 01 1.7149276E-01 1.5969469E 00 -3.4483704E-02 
I 0.  I. 1 I -4.9660616E-01 -5.4669092E 00 -6.2742352E 01 9.9857627E-02 1.0993028E 00 -2.0079384E-02 
I 0. I. -a. 0 I cos t -0L *9L +OM -IN I 
1 2 1 2  
2 
I 0. 1. 0 I 4.d07024OE-02 3-8870322E-01 3.3366466E 00 -1-OS3OI77E-02 -0-0829640E-02 2.4064422E-03 
I 2, 1. 0 I -2.0176699E 00 -1-6708963E 01 -1.3957454E 02 4-6109444E-01 3.0184691E 00 -1.0537308E-01 
I 0. 3. 0 I -1.17*639CE 00 -9.74157356 00 -8.1554048E 01 2.68438ZSE-01 2.2262241E 00 -6.1345707E-02 
8 0. 1. 1 I -7.763424OE-01 -7-7951640E 00 -8.2337999E 01 1.7741614E-01 1-7814147E 00 -4.0544589E-02 
C oc o c  Cf N OCfN C/N-N 
- 29- 
I 
cos I -1L .EL .on - l Y  I 
1 2 1 2  
C oc 
7-9345062E-02 5.9012056E-01 
-2-61819SOE 00 -1.8983015E 01 
-1~5582435E 00 -1.1324404E 01  
-1.1909441E 00 -1.0815423E 01 
2 




















8 0.  1. 0 1 
I 2 ,  I .  0 I 
8 01 3. 0 I 
I 0. I.  1 I 
COS 1 -6L + l L  +OW - l Y  I 
1 2 1 2  
C oc 
l.354028aE-01 8.1193919E-01 
-3.2099449E 00 -1.9915109E 01 
-1-960089bE 00 -I.2261104E 01 
-1.7831312E 00 -1.4S08617E 01 















8 0. I t  0 I 
8 2. I .  0 I 
8 0 .  3. 0 I 
8 0 s  I t  1 I 
COS I -5L +bL +OM - 1 Y  I 
1 2 1 2  
C oc 
2.2829659E-01 1.2425269E 00 
-3-633273lE 00 -1.8633924E 01 
-2.3242SbOE 00 -1-20702926 01 
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7.1950297E-03 7.3387322E-02 
-5-132WOOE-01 -5-2130799E 00 
-1.1421184E-01 -1.1600991E 00 
-I.OSl326OE-01 -1.1638716E 00 
COS I - I I L  t 1 I L  r l u  
1 2 1  




cos (-la .lOL r1u - 1 Y  I 
1 2 1 2  
C OC 
1-1380450E-01 1.0571188E 00 
cos I -9L r9L .1Y - l Y  I 
1 2 1 2  
C oc 
1-1427431E-01 1.4413024E 00 
COS I -M +8L * I Y  - l Y  I 
1 2 1 2  
C oc 
2-4035516E-01 1.8864181E 00 
COS I -1L .lL r1u - 1 Y  I 
1 2 1 2  
C OC 
3-16441b?E-O1 2.3384814E 00 
COS I -6L rbL . I Y  - l Y  I 
1 2 1 2  
C OC 
5.2021945E-01 2.6856150E 00 
cos I -5L r s L  * l Y  - 1 Y  I 
I 2 1 2  
C DC 
6-7231866E-01 2.1451695E 00 
2 






























o c  
1-79213T3E 00 
2 
D C  
9-89100(IbE 00 
2 
D C  
1.2025411E 01  
2 
O C  
.31998LZE 01  
2 
O C  
.4661611E 01 
2 
D C  
.3938118E 01 
2 
o c  
-1064043E 01 























- I .5598199~-02 
K I N  
-1.1093638E-02 
C f  N 
-3.2416135E-02 
K I N  
-9-0033416E-02 




























O C f  N - 1.7697868E-01 
DCIN 
-2.6810199E-01 
O C I N  
-3.9478346E-01 
O C f  N 
-5.5928627E-01 
O C f  N 
-7.4935855E-01 
OCfN 



















-I. 11702 65E-02 
-2.4815342E-03 
-2.3011237E-03 












CI.  I ,  -I. o I cos I -u +4L +IY -IY I 
1 2 1 2  
2 
1 1. I .  0 I 7 . ~ 8 4 3 ~ ~ 0 E - 0 1  2.2857410E 00 5.997310IE 00 -3.2580805E-01 -9-56677kOE-01 1-3636316E-01 
e oc o c  C f N  K I N  CINON 
t-1. I .  -2. 0 I cos I -3L +3L + l Y  - l Y  I 
1 2 1 2  
2 
I I. 1. 0 I 1.253k901E-01 1.144682kE 00 -2.4681659E-01 -k.Ok78365E-Ol -6.3819k12E-01 2.2589097E-01 
C DC o c  C I N  D C I N  CINON 
. C I .  I ,  -1 .  0 I cos I -2L +ZL + 1 Y  - 1 Y  I 
1 2 1 2  
2 
I 1. I r  0 1 -2.007k305E-01 -1.0190370E 00 -6.014k583E 00 I.TkT3k71E-Ol 1.530159OE-01 -1.k626100E-01 
C DC o c  C I N  DCIN C I N N  
e-L. I ,  -0. 0 I cas I -1L +lL + l W  - 1 Y  I 
1 2 1 2  
2 
I 1. 1. 0 I -k-3460176E-01 -1.5680525E 00 -1.6761151E 00 1.2160159E-01 2.62651IZE 00 -1.2181220E 00 
C oc O C  C I  N DCIN C I N W  
hh 1. Ir  0 I C I S  1 +OL +OL * I Y  - 1 Y  I 
1 2 1 2  
2 
C oc o c  
I 1. 1. 0 I -1.1412419E-01 -1.2827231E 00 -7.0380343E 00 
6 3. 1. 0 I -7.1041382E-01 -5.0181553E 00 -4.3535353E 01 
6 1. 3. 0 I -1.431I019E 00 -8.9218533E 00 -6-9166k991 01 
I 5. 1. 0 I -9.311Wl4E-01 -1.0559312E 01 -1.3k19998E 02 
I 3. 3. 0 I -7 .529008E 00 -7.2669211E 01 -8.21kO351E 02 
6 li  5. 0 I -(.ZO\?WZE 00 -5.1742196E 01 -5-2522450E 02 
I I. I ,  I I 8.0)(1)33E 00 5.3498516E 01 k.36731341 02 
6 3. 1. 1 I 4.1904OHE 01 k.7901852E 02 5.55941991 03 
6 I. 3. 1 I ?.(((ZIILE 01 1.101588kE 02 1.8031026E 03 
I 1. I r  2 I -1 .H6OIO4E 02 -1.1365995E 03 -1.Z9276llE Ok 
1-16 I. I .  o I ces I ~ I L  -IL *IY -IY I 
1 2 1 2  
2 
8 I. I. 0 I I.OI1lII5E-01 -6-1333OWE-02 -3.5487210E 00 3.512609%-01 -1.026Il45E-01 5.8806129E-01 
C oc o c  C I N  DCIN C I W N  
8-1. I. a. 0 I C O I  I *ZL -2L * l Y  - 1 Y  I 
1 2 1 2  
2 
a I. 1. 0 I k.a4tSl\4t-Ol 1.096257kE 00 1.1522353E 00 3.5513230E-01 9.1165559E-01 2.9121kZIE-01 
C oc o c  C f N  W I N  cm.* 
@-I. I. 4. o I cos 4 aw -)L +IY -IN I 
1 2 1 2  
2 
L 1. I. 0 I 4.4581W6E-01 1-1555657E 00 6.5069223E 00 ZA882308E-01 9.79699TkE-01 1-38856611-01 
C oc o c  C I N  OCIN C I M  
e-I. I. I. o I cas I - 4 ~  + in  -IY I 
1 2 1 2  
2 
I li I. 0 I 3.8011051L-01 1.9359216E 00 9.760010kE 00 1.593928TE-01 8.102635OE-01 6.6712323t-02 
C OC O C  C f N  OCIN CI" 
1-1. I .  8 .  o I CIS i +n - 5 ~  +IY -IY I 
1 2 1 2  
2 
I I. 1. 0 I 2.92625671-01 1.8033308E 00 1.1155339E 01 9-198OkIk1-02 6.03815811-01 3.2801016E-02 
C oc O C  C I N  DCIN CI" 
Cli 1. 1. 0 I COS I *LL -6L +1Y -1Y I 
1 2 1 2  
2 
8 I. 1. 0 I 2.1013991E-01 1.5198160E 00 1.10371~6E 01 5.88OZOIlE-02 4.2408612E-01 1.6k0013S6E-02 
C OC o a  C I N  DCIN C f N W  
#-I& I. a. o 1 cas I ~ T L  - 7 ~  + i n  -IY 8 
1 2 1 2  
2 
I 1. 1. 0 I 1.4524007E-01 1.1976326E 00 9.94854blE 00 3.kT36462E-02 2~06432191-01 8.30?7?k4E-03 
C OC O C  C I N  OCIN CINON 
6-1. I. 9. 0 I cos I +8L -81 + 1 Y  - l Y  I 
1 2 1 2  
2 
8 1. I ,  0 I 9.6960071E-02 8.98858kkE-01 8.391k34kE 00 2.02908kk1-02 1-8810419E-01 k.Zk626681-03 
C OC o c  C I N  OCIN CINON 
-39- 
(-1. 1, 10. 0 1 cos I +9L -9L . l W  - 1 Y  1 
1 2 1 2  
2 









2.1863198E-03 I I. 1. 0 I 
I 0. 0, - 7 .  I I COS I -61 +81 +OW t O Y  I 
1 2 1 2  
C oc 
4.341361OE-02 4.0693102E-01 
-4.6444061E-01 -3.3393811E 00 
-1.6800217E 00 -1.4133618E 01 
-1.2656778E-01 -8.1625395E 00 
2 




















0 0 1  0. 1 1 
1 2. 0. 1 1 
c 0. 2. 1 1 
t 0. 0. 2 I 
COS I - 5 1  +71 +OM + O Y  I 
I 2 1 2  
2 
o c  
53522260E 00 
1-0226360E 01 
-1.2302106E 02  
-1-2838115E 02  
C OC 
1.4672616E-02 6.26269kLE-01 - 3-22 1930 I t -0  I - 1.0868158E 00 
-1 .113b446E 0 0  -1.1493813E 0 1  
- Z . I M ~ ~ ~ Y C  00  -1.6117281E O L  













e 0, 0, I I 
I 2. 0. 1 1 
t 0. 2. I I 
1 0. 0. 2 I 
-4.4440970E-01 
-2.3407544E-01 
1 0 .  C. -s. I I COS I -4L +6L + O W  +OY I 
1 2 1 2  
C oc 
1.2723560E-01 9.4208S62E-01 
7.3051466E-02 3.0168S30E 00 
-2.471660bE CO -1.5164860E 01 
-1.66664llE 00 -1.5721527E 01  
2 















I 0 ,  0 .  1 I 
1 2. 0. 1 1 
& 0 .  2. 1 1 






I 0 .  01 -4. 1 I cos I -3L +5L +ON +OY I 
I 2 1 2  
2 
o c  
9.7309338E 00 
1.0661448E 02  
-4.9020481E 01 
C oc 
2.1401162E-01 1.3759568E 00 
8.S016803E-01 9.3146370E 00 
-2.S148180E 00 -1.2640672E 01 






W I N  
-1.3946861E 
-9.5022426E 
I .  28 12734E 
2.1037773t 





1 0. 0 .  1 1 
t 2. 0. 1 I 
I 0 .  2. I 1 


















1 0 .  0 .  - 9 ,  I I cos I -2L +4L row +OY 1 
I 2 1 2  
C OC 
3.5361159E-01 1.9316891E 00 
2.0801919E 00 1-125565SE 01 
-2.1633392E 00 -S.9246175€ 00 
-3.3638519E 00 -2.6221023E 01  
2 











I 0 .  0 .  I 1 
I 2 ,  0 .  1 I 
I 0 .  2. I 1 
I 0 .  0 .  2 1 
1.20503~OE 01 
1-6262252E 0 2  
1-801861)lE 01 
-2.3691389E 02  
I 0. 0 .  -2 .  1 I cos I -11 +3L +ON +OY I 
1 2 1 2  
2 





5.6824959E-01 2.5654474E 00 
3-5921294E 00 2.4825208E 01 
-9.5386133E-Cl 4.3016289E 00 
















t 0. 0. I I 
t 2. 0. I 1 
t 0. 2 ,  1 I 










& 0. 0, -1. I I cos I *OL +21  +OY +OY 1 
1 2 1 2  












t 01 0 .  1 1 
1 2 .  0 .  1 I 
1 0. 2 .  I I 
t 0. 0 .  2 I 
_ _  
8.6421352E-01 3.1317049L 00 
4.6224838E OC 2.8T2312bE 01 
1.145629lE 00 1.6172306E 01 
-5-Z%C982E C O  -3.5159796E 01 
2-0080552E 
-4.3656613t -6.5134851E 
. I  0. 0. -0. 1 1 COS I +lL + l L  .ON +OY I 
1 2 1 2  
C oc 
6 - 4 3 6 3  I W E - 0  I 2.8291 351E 00 
3-8385634E 00 2.5916088E 01 
3.8385634E 00 2.5976088E 0 1  
-5.5411120E 00 -3.6520814E 01 
2 





I 0 .  0. 1 1 
1 2 .  0. I I 
I 0. 2 .  I 1 
L 0 .  0 .  2 1 
. . .. .
1 -5099645E 01  4.S885638E-01 
2.1433481E 02 2.7365810E 00 
2-1433487E 0 2  2.1365810E 00 
-2.9584625E 02 -3.9546190E 00 
2.OIbG4OlE 00 
l . lS I8822E 01 
1.8518822E 01 
-2.6036389E 01 
I 0. 0, I .  I I c c s  I r 2 1  +OL +ow row I 
I 2 1 2  
2 






8.6921352t-01 3.1311049E 00 
l . lS56197t  CO 1.6172306E 0 1  
4 . 6 2 2 4 8 3 8 t  0 0  2.812312OE 01 



















163E 01  
I98E 01 
t 0. 0. I I 
1 2 .  0 .  I I 
1 0 1  2 .  I I 
1 0 .  0. 2 I 
-40- 
I 0. 0.  2. 1 I COl I 4 3 t  -1L .OY *OY I 
1 2 1 2  
2 
a 0. 0. L I 5.6824959E-01 2.5654414E 00 1.4016089E 01 2.1818354E-01 9.8713086E-01 8.4234529E-02 
8 2. 0. 1 I -9.5386733E-01 4.3016289E 00 9~52000701  01 -3.67251421-01 1.6561835E 00 -1-413966lE-01 
I 0. 2. I I 3.5921294E 00 2.4825208E 01 2-07808OZE 02 1.30301691 00 9.5580304E 00 5.3241962E-01 
I 0 .  0. 2 I -4.4106728E 00 -3.1389919E 01 -2-6169411E 0 2  -1.6981668E 00 -1.20855531 01 -6-538164lE-01 
C oc 0 0  C I N  K I N  C I W N  
2 
I Ob 0. 1 I 3.5361159E-01 1.9316894E 00 1-20SOWOE 01 1.1011009E-01 6.0466195E-01 3.4655015E-02 
I 2. 0. 1 I -2.1633392E 00 -5-9246175E 00 1.8018681E 01 -6.771802ZE-01 -1-8545561E 00 -2.1191464E-01 
8 0. 2. 1 I 2.0807919E 00 1.72556551 01 1.6262252E 02  6.5134083E-01 5.40145941 00 2.03886261-01 
I 0. OD 2 I -3.363851% 00 -2.62210238 01 -2.3691N91 02  -1.0529713E 00 -8.2097Z57E 00 -3.2960680E-01 
C OC o c  C f N  D C I N  C I N W  
I 0 .  0. 4, 1 I cos I +sL -3L *on *OY I 
1 2 1 2  
2 
I 0 .  0. I I 2.1406162E-01 1.3759568E 00 9.1309338E 00 5.6451105E-02 3.6286331F-01 1.488121DE-02 
I 2. 0 .  1 I -2.514DlWE 00 -1.2640612E 01 -4.902046lE 01 -6.79023461-01 -3.3335611E 00 -1.79010081-01 
I 0. 2. I I 8.5010803E-01 9.37463701 00 l.O661+48€ 02 2.2420382E-01 2.4122518E 00 1.91263751-02 
I 0. OD 2 I -2.417927IE 00 -2.07552511 01 -2.0061IpS€ 02 -6.3764866E-01 -5.4135156E 00 -1~68158041-01 
C oc o c  C I N  K I N  CIN.N 
I 0. 01 I. 1 I COS 4 t6L -4L +OY +OY I 
1 2 1 2  
2 
I e. 0 .  1 I 1.272356OE-01 9-4208562E-01 1~4931909E 00 2.8981961E-02 Z.1463443FOL 6.6042982F-03 
$ 2. 0. 1 I -2.471e606E 00 -1.5764860E 01 -9.61033051 01 -5.6311597E-01 -3-5916923E 00 -1 .Z IZHISE-01 
8 Ob 2. 1 1 1~3051466E-02 3.0768530E 00 5.31601122 01 1.6643243E-02 l.OO99634E-01 3.791D134E-03 
I 0.  0. 2 I -1.6666411E 00 -1.5721527E 01 -1.61296931 02 -3.1910918E-01 -3-5818198E 00 -8.65081631-02 
C OC D C  C I N  OCIN cm.* 
I 3. 0.-IO. 0 I cos t -7L +10L -3Y *OY I 
1 2 1 2  
2 
I 3. 0 .  0 I -4.290460lE-01 -4.5195529E 00 -4.0304512E 01 1.4430121E-01 1.5201268E 00 -4.85369Wt-02 
C DC O C  C I N  Dcm CI) ( . l  
I 3r 0 .  -9. a ) cos I -u 431  -3Y +ow I 
1 2 1 2  
2 
I 3c 0. 0 b -5.DWZSOIE-01 -5.5941759E 00 -5.4404154E 01  2.46511231-01 2.3546210E 00 -1.0318582E-01 
C M o c  C I N  K I N  CI*.N 
I 3. O. -8 .  o I CIS I -n *EL -3u *OY I 
I 2 1 2  
2 
I 3. 0 .  0 I -7.68812ME-01 -6.5887394E 00 -5-7812039E 01 4.3231173E-01 3.10463261 00 -2.43014141-01 
C oc o c  C I N  OCIN CI*.N 
I 3. O D  -3. 0 I C I S  I -U * l L  -3Y *OW I 
1 2 1 2  
2 
I 3. 0 .  0 I -9.5809240E-01 -7.21870141 00 -5.1081909E 01 8.1111826E-01 6.1621326E 00 -6.8669031E-01 
C oc o c  C I N  ocf N CIl4.N 
I 3. 0 .  -6. 0 I COS I -3L *6L -3Y +OW 1 
1 2 1 2  
C oc 0-c Cf N K f N  CIN.N 
I 3. 0. 0 I -1.1119416E 00 -7.3806913E 00 -5.1235268E 01 1.9043851E 00 1.26406611 01 -3.26151uE 00 
I 3 b  01 -6. 0 I COS I -ZL +SL -3Y  *OY 1 
1 2 1 2  
I 3. 0 .  0 I 
I 5. 0. 0 I 
I 3. 2. 0 I 
8 1. 0. 0 I 
1 5. 2, 0 I 
I 3. 4, 0 I 
I 3. 0. 1 8 
8 5. 0. I I 
I 3. 2, 1 I 






















-2.9404474E 0 3  
2 
o c  
-4.0474150E 01 
1.421I881E 01 








C I N  
-8.6643301E 01 































0 3  
0 3  
04 







e 3. 0 .  -4, 0 I cos 4 -1L +4L - 3 Y  .OY I 
1 2 1 2  
2 
1 3. 0. 0 I -1.0318961E 00 -4.9759135E 00 -2.6801605E 01 -1.6895745E 00 -8.1413088E 00 -2.7664238E 00 
C oc o c  C I N  OCIN C I N W  
-41- 
e 3. 0 .  -3.  0 I cos I +OL +3L - 3 Y  +ON I 
1 2 1 2  
C OC 
3. 0, 0 1 -6.1165259E-01 -2.1605864E 00 
I 3. 0 .  -2. 0 I cos I + l L  +2L - 3 Y  +ON I 
1 2 1 2  
C oc 
I 3. 0. 0 1 -1.906C95OE-01 -8.6615616E-01 
*I 3. 0.  -1. 0 I cos I .ZL * l L  - 3 Y  +ow I 
1 2 1 2  
C OC 
I 3. 0. 0 I -1.6890509E-02 -1.1960340E-01 
I 3. 0 .  -a, 0 I cos i +3L r 0 L  -3Y *OM I 
1 2 1 2  
C OC 
I 3. 0. 0 I -1.6801690E-02 -6.1922134F-02 
*I 3. 0 .  1. 0 I cos I *4L -11 - 3 Y  row I 
1 2 1 2  
C oc 
I 3. 0. 0 I -1.671488OE-02 -5.4191250E-02 
I 3. 0. 1. 0 1 COS i *SL -2L - 3 Y  +OY I 
1 2 1 2  
C oc 
I 3. 0. 0 I 2.2211329E-01 4.2288888E-01 
I 2. l.-ll. 0 I C o s  i -9L + l Z L  -2Y - 1 I  I 
1 2 1 2  
C oc 
I 2. 1. 0 I 1.1196195E 00 1.289109OE 01 
I 2. 1.-101 0 I COS I -M + l I L  - 2 Y  - l Y  I 
I 2 1 2  
C oc 
I 2. 1. 0 I 1.6ll7096E 00 1.6961291E 01 
I 2. 1. -e. 0 I cos i -1L +lOL -2Y - 1 Y  I 
I 2 1 2  
C oc 
I zi I ,  0 I 2.260618M 00 2.1551792E 01 
a 2. 1. -a. 0 I C I S  4 -6L +9L -2Y - 1 w  I 
1 2 1 2  
C oc 
I 2. I .  0 8 3.0202126E 00 2.62512111 01 
I 2. I. -a. o I cos i -H +a -ZY - IN I 
1 2 1 2  
C M 
I 2. I ,  0 I 4.0020316E 00 3.0308181E 01 
a 2. I .  -4. 0 I cos I -4L + l L  - 2 Y  -In I 
I 2 1 2  
C oc 
I 2. 1. 0 I 4.9416184E 00 3.2628184E 01 
I I .  I .  -5. 0 I C I S  I -3L *6L - 2 1  - 1 w  I 
I 2 1 2  
C OC 
I 2. I .  0 I 5-6624052E 00 3.1911394E 01 
I 2. 1. -4. 0 I cos I -2L +SL -2Y - I N  I 
I 2 1 2  
C oc 
t 2. I .  0 I 5.8128990E 0 0  2.7419875E 01 
I 4. 1. 0 I -6 -2295253E 00 -1~680121OE 01 
I 2. 3 .  0 I -3.5151463E 01 -1.3101956E 02 
1 6. I .  0 I 3.1462306E 00 2.1134190E 01  
2 
o c  C I N  OCfN 
-1-3813945E 01 -5.5591131E-01 -2.2851451E 00 
2 
o c  C I N  D c f N  
-5.3053958E 00 -1-0551910E-01 -4.IOO988lE-01 
2 
O C  C I N  OCfN 
-1.140409lE 00 -1.0298451E-03 -1.4151098E-02 
2 
O C  C f  N D C I N  
-5.5104393E-01 -5.6025634E-03 -2.ii640711E-02 
2 
o c  C f N  OCfN 
- 2 ~ 1 1 ~ 9 S 5 4 E - 0 1  -4.6631619E-03 -1.5231155E-02 
2 
D C  C f N  OCf N 
1.2831868E-01 1.30381411-02 1.0081671E-01 
2 
O C  CfN OCfN 
1.5015521E 02 -2.6863153E-01 -3-O930423E 00 
2 
o c  C I N  OCfN 
1.8104823E 0 2  -4.5140163E-01 -4.1504566E 00 
2 
o c  Cf N D c f N  
2.09265591 02 -1.6034672E-01 -1.2508453E 00 
2 
o c  
2.2914911E 02  
C I N  
-1-2922832E 00 
Dc I N  
-1.1051841E 01 
2 
o c  C I N  OCfN 
2-3663072E 02 -2.2502148E 00 -1.10116391 01 
2 
D C  
2.2414811E 02 
C f  N 
-4.1831598E 00 
D c f N  
-2.1622926E 01 
2 
O C  C f  N O C f N  
1.9213513E 02 -9-6978055E 00 -5.4156300E 01 
2 
o c  C I N  OC I N  
1.4284050E 02 4-3286185E 02 2.0418414E 03 
3.3103052E 01  -4.63886211 02 -1.2511146E 0 3  
-4.5933919E 02  -2.6181011E 0 3  -1.0211129E 0 4  




























e 4. 3. 0 I 
t 2. 5. 0 I 
I 2. I. 1 I 
I 4. 1. 1 I 
c 2. 3, 1 I 
1 2. I ,  2 I 
6.524287W 01 3.74325731 02 
8-6768304E 01 4.71235211 02 
.7-7253990€ 01 -S.64546951 02 
.1-16574251 02 -1.76554851 03 
3.48231261 01 -1.591474SE 03 

























8 2. I. -9. 0 I cos I - l L  *ZL - 2 Y  - l Y  I 
I 2 1 2  
C oc 
4-99313101 00 1.92321051 01 
2 
o c  
8-819WZOE 01 
C l N  
8-1761SSOE 00 
D C l N  
3.I4896761 01 
C l N W I  
1.3U72221 01 a 2. I .  0 I 
c 2. I .  -2. 0 
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I I. 3. -5. 0 1 cos 1 -4L +8L - l Y  -3Y I 
1 2 1 2  
2 
0 1. 3. 0 I -3-1065S63E 01  -1-77008296 02 -1-079ZIPOE 03 3.99036061 01 2.2736691E 02 - 5 - 1 2 5 U I I E  01 
C Dc o c  C I N  ocf Y C I N W  
0 1; 3. -4. 0 I cas I -3L *7L - l Y  -3Y I 
1 2 1 2  
2 
0 1, 3. 0 I -3-0410197E 01  -1.4501313E 02 -7.6934103E 02 1.L702724E 02 0.002950lE 02 -9.2620193E 02 
C oc O C  C I Y  o c I N  C I W  
0 I. 3, -3. 0 I cos I -a *.L -1Y -3Y I 
1 2 1 2  
2 
I I* 3. 0 1 -2.6903824E 01 -1.0066787E 02 -4.6974539E 02 -6.225162% 01 -2.4192331E 02 -1.4WOZOllt 02 
C oc 0 0  C f Y  DcIY C I W  
0 I\ 3. -a. o 1 cas I -u -IY - 3 ~  I 
1 2 1 2  
2 
0 IC 3. 0 I -!-?715243€ E: -S.5209925L 01 -2.4101.UE 82 -1.7480497E 01 -5.4470335E 01 -1.71400UE 01 
C Dc 0 0  C I Y  Dcnl C I W  
0 I. 3. 4. 0 I cm 4 *1L *3L -I# -3u I 
1 2 1 2  
2 
8 o b 4 . 0 1  SU3300234E 00 5.096577SE 01 4.%40335E 02 -1.4150575C 00 -1.0536422e 01 3.7LOI932E-01 
C oc o c  C l N  OClY C I M  
0 ob 4, -4. 0 I 42- I -.L *1OL *OM -4m I 
1 2 1 2  
2 
0 Q 4 . 0 1  l .ON3SZ.E 01 7.1005?64€ 01 4 . 9 1 9 W W  02 -5.4390157E 00 -3.6026603R 01 2-7¶49)O1C 00 
a Dc O C  C I Y  # I N  C I W  
- 54- 
e 0. 40 -3. 0 I 
a 0. 4. 0 I 
a 0. 4. -1. 0 1 
a 0. 4. 0 I 
*e 0. 4e -1. 0 1 
e 0. 4. o I 
a 0. 4, -0. 0 I 
a 0. 4. 0 I 
.a 0. 4. 1. 0 1 
a 0. 4. 0 1 
1 Ob 4, 1. 0 I 
a 0. 4e 0 I 
El. 3, -9, 0 1 
a 1. 3. 0 I 
tl. 3, -2. 0 I 
a 1. 3, 0 I 
.El. 3r -I. 0 I 
a I. 3. 0 I 
I-I. 3r -0. 0 I 
8 1. 30 0 I 
cos I -3L *7L *OM -4n I 
1 2 1 2  
2 
C DC D C  C I N  WIN CIN.N 
1.2600542E 01 4.76915568 01 2-13570018 02 -6.95396448 01 -2-6319929E 02 3-03774128 02 
COS I -2L *6L *On -4M I 
1 2 1 2  
2 
C Dc D C  C I N  K I N  CIN*N 
1.0454467E 01 3.01806338 01 1.2176829E 02 2.51239988 01 7.32505408 01 6.0377566E 01 
cos I -1L *5L *on -4n I 
I 2 1 2  
2 
C DC D C  C I N  OCIN CIN.N 
2.3874160E 00 1.04627198 01 5-6662525E 01 2.3557002E 00 1.03240778 01 2.32456378 00 
cos t *OL *4L *on -4n I 
1 2 1 2  
2 
C K D C  C I N  DCIN CIN.N 
2.7775510E 00 5.54639708 00 3.00133S8E 01 1.72439148 00 3.44337768 00 1.0705564E 00 
cos I +1L *3L *on -4n I 
1 2 1 2  
2 
C OC o c  C I N  O C I N  CIN.N 
3.98909S28-01 2.1146991E 00 1.4111253E 01 1.0069700L-01 9.5771924€-01 aa1035316E-02 
2 
C OC D C  C I N  D C I N  C1N.N 
1.2512915E-01 8.05910178-01 6.3444500E 00 4.47.1&45E-02 2.#727395€-01 1.59628218-02 
. ? ?  
2 
C oc o c  C I *  D C I N  C IN-N  
6.25462478 00 1.7227327E 01 3.0897.55E 01 -3.9409129E 00 -1-Oa7bb26E 01 2-4931011E 00 
cos I -3L *SL *Ill -31  I 
1 2 1 2  
2 
C K O C  C l N  D C I N  cm.* 
3.272b320E 00 1.56051818 00 -3.1221051E 01 -3.31717048 00 -2.S9537141 00 3.36233118 bo 
C.f .t -2L *4L * l Y  -3Y J 






o c  
- 5 . ~ 9 3 1 ~ 4 ~  01
C I N  
3.3730210E 00 
D C l N  
I.9619107€ 01 
C I W Y  
-0A6520bSE 00 
00s I - IL  *3L .In -3n I 
1 2 1 2  
2 
C DC o c  C I N  DClN C I W W  
- 1 . 5 2 7 ~ 2 U l E  00 -7.35693418 00 -4-0350?60€ 01 - 7 . 3 4 3 M l l E  00 -3.5360118E 01 -3~5294593E 01 
C DC o r .  
8 2. 2. 0 I 4.1413294E-01 3.0020711E 00 2.55WS30E 01 
a 4. 2 1  0 1 1.4519402E 00 1.54221148 01 1.8676.088 02 
a 2. 4. 0 I 3.59159068 00 3.34093SU 01 3.65873178 02 
8 2. 2. 1 I -2.6942S69E 01 -Z.6945226€ 02 -3.1110309E 03 
8-s 1. 4. 0 I C I S  I *1L -3L *SI -1n I 
1 2 1 2  
2 
a 3 b 1 0 0 1  l i l 2 3 a 7 Y l f  00 4.0140945E 00 9.3469169E 00 -5.4000150E 00 -1.92910528 01 2.5950297E 01 
C OC D C  C I N  K I N  C I H  
1-31. I ,  a. 0 i CIS I e n  - 4 ~  ern - in i 
1 2 1 2  
2 
8 3b 1. 0 1 l.9llM29E 00 9.620509OE 00 4 . 5 9 1 0 ~ 9 E  01 4.9202449E 00 2-4715069E 01 1.26601528 01 
c Dc D C  C I N  OCI N C1N.N 
a - h  l e  a. 0 I 00s I *3L -5L *3n - 1 Y  I 
1 2 1 2  
2 
8 3b l o  0 3 2.42S3357E 00 1.497619lE 01 9.2050501E 01 2.4503609L 00 1.5100013E 01 2.4910114E 00 
C DC O C  C I   D C I N  C I H  
a 2. 0 ,  -1. I I cos 4 -u *eL -2Y *OY I 
1 2 1 2  
C oc 
0 2. 0 .  1 I 2.1ISZ112E 00 2.1421179E 01 
0 1. 1, -be 1 I COS I -4L *U -1Y - l Y  I 
1 2 1 2  
8 Ir I. 3 I 
0. I.  I I c a  a .OL *OL a m  *on I 
1 2 1 2  
C Dc 
( S O .  1 I 4.U32bWSf 00 2.43909HE 01 
0 %-E* -1. s I 00s 4 4oL *oL *om +2Y I 
1 2 1 2  
8 A 0. -e. a I am? I -u +PL - 5 ~  *OM I 
1 2 1 2  
2 
D C  
2.22OIY.E 02 
2 
O b  
2.3202303E 02 
a 
o c  
2.2540003E 02 
t 
D C  
-4.9341- a2 
a 
o a  
I . 0 ~  02 
a 
4.81764m 02 
o a  
a 
o c  
1.TY19mos a2 
C I Y  
-2.006Wl~E 00 
C I N  
-1.503J16W 01 
C I Y  
1.0147.o.L 01 
C f Y  
K I M  
-2.TSlS4WE 01 
# I N  
4AZ1120bB 02 
# I N  
I.b216SllE 02 
O c m  
Cf*W 
3.6051126.t 00 
C I W  
- r . o w m t  02 
C f * U  
-1.27*00126€ 01 
Cf*W 
I 5. 0. -1. 0 I cos I -3L +EL -5Y +OY I 
1 2 1 2  
2 
I 5. 0. 0 ) -2;2216963E 00 -1-9652013E 01 -1-79522526 02 -1-00614526 01 -1-012813OE 01 -4.54314106 01 
C DC D C  Cf N Dcf* C f N W  
8 4. 1, -9. 0 I COS I -5L * lOL -4Y -1Y  I 
1 2 1 2  
2 
I 4. I, 0 I 2J04dO2606 01 1-9171141E 02 I-9161239E 03 -2.1053729€ 01 -2.04211106 02  2.1634196E 01 
C DC D C  C f N  D C I N  CfNoN 
I 4. 1. -0. 0 I COS I -4L +VL -4Y - l Y  I 






D C  
1-61E2039E 03 
C f N  
-5.43641V6E 01 





I 4. I t  0 I 1.1493665E 01 1.44173kkE 02 l ~ l E l O 5 5 L E  03 1-34919721 01 6.14096366 02  3.16909106 02 
C DC O C  C f N  DCfN Cf**N 
I 4. I r  -6. 0 I COS I -2L + l L  -4Y -1Y  I 
1 2 1 2  
2 
8 4. 1. 0 I 1.46354911 01 1.0102315E 02 1.5601265E 02 1.10743ME 01 1.24351326 02 2.lOZ91631 01 
C oc o c  C f N  DCfN C f N W  
I 3 i  2. -I. 0 I cas t -IL * lOL  -3Y -2Y I 
1 2 1 2  
2 
8 3 i  21 0 I -6.96016246 01 -6.01333366 02 -5Ak49503E 03 1-152014ZE 01 6-23061716 02 -7.35028021 01 
C DC 0 0  C f N  OCfN C f N W l  
6 Zr 2. -1. 0 I COS I -4L +9L- -3Y -2Y 1 
1 - 1 - 2  
C - _..~._ DC O C  C f N  K% ... "-" 
8 3. 2. 0 I -6-16572011 01 -5.3321512E 02 -4.3195126E 03 1.126126OE 02 1.41096321 03 -4.8601058E 02 
I 3. 2, -6, 0 I cos t -3L +EL -3Y -2Y I 
I 2 1 2  
2 
I 3'. 2. 0 I -6~12359096  01 -4.1952642E 02 -3.0539141E 03 -2.7647144E 02 -1.0941409E 03 -1.24121186 03 
C Dc D C  C f  N O t f  N CfN-N 
8 3. 2. -8. 0 I C I S  t -a + l L  -3Y -2Y I 
1 2 1 2  
2 
8 h 2. 0 I -4.14641161 01 -2.14116566 02 -1.86709391 03 - 5 - 7 9 6 M 6 3 1  01 -3-4699116€ 02 -7 -O l~ lOkSE 01 
C oc D C  C f N  DCfN C fN-N  
I 2. 3, -I, o I cas t -SL 4 1 0 ~  -ZY - 3 ~  1 
1 2 1 2  
2 
8 2. 3, 0 1 1.18060046 02 9.11363911 02 1.31653926 03 -1-21310411 02 -9.3651693€ 02 1.24666106 02 
C DC D C  CfN  DCfN CfN*N 
I 2. 3. -6. 0 I cos I -u +VL -2Y -3Y 1 
1 2 1 2  
2 
8 2) 3t 0 ) 1.15lZ276E 02 7.1050101E 02 5.59493S41 03 -3.06317UE 02 -2.0761691E 03 8.150010341 02 
C Dc o c  C l N  DCfY CI "  
8 2b 3, -I. 0 I C I S  t -1 +EL -2Y -3Y I 
1 2 1 2  
2 
8 2. 3. 0 I 1~01101910 02 5.93492111 02 3 . 1 0 0 ~ 0  03 4.56501616 02 2-6795900E 03 2.0610(123E 03 
C DC D C  C f  N DCfN CIN-N 
I 2. a, -4. o I cec t -a +IL - 2 ~  - 3 ~  
1 2 1 2  
2 
C oc 0-c C f  N D C f N  C f l l r N  
I 2. 3. 0 I 1.66166011 01 3.84121446 02 2.20911?3E 03 9-3bk50291 01 4.69117016 02 1.14368526 02 
1 IC 4. -4. 0 I Co5 I -H +1OL - l Y  -4Y 1 
1 2 1 2  
2 
8 1. 4. 0 I -9.9944055E 01 -6.72501131 02 -4.16713978 03 1.02702441 02 6.9106936E 02 -1.05536956 02 
C DC o c  C f N  DCfN CfN.N 
-57- 
I I. 4*  -I. 0 I uos I -4L *9L -1Y -4Y I 
1 2 1 2  
C oc 
I 1. 4. 0 I -q-b29457SE 01 -5.¶?85319€ 02 
I 1. 4*  -4. 0 I cos I -H +EL -1Y -4M I 
1 2 1 2  
C oc 
I 1. 4*  0 I -8dZ070S3E 01 -4.069ZS9OL 02 
I O .  5. -0. 0 1 cos I -w .IOL *om -SY I 
1 2 1 2  
C oc 
I R 5 . O l  3 r 3 ~ 3 0 W E  01 1.9381952E 02 
I ob 5. -4. 0 I 00s t -4L +9L *w -SY I 
1 2 1 2  
C oc 
I 0. 6* 0 J 3.21PIWOE 01 1.544W72E 02 
I I 5. - 4 . 0  I c.b t -3t *U .OM -5Y I 
1 2 1 2  
C OC 
I 0. I, 0 I a.Ttl60lPE 01 I-Ob746OTE 02 
I I s. -a. o i a o l  t -a * 7 ~  *on -SY I 
1 2 1 2  
C oc 
e 0. sr 0 I I r9W322Y 01 6.0929531E 01 
C 4 r  I ,  a. 0 I 00s 4 .I -5L 44u -1Y I 
I 2 1 2  
C oc 
I 4- 1. 0 I -3i080454M 00 -1~9Olb9IlE 01 
I 5b I *  -a. o I am I -u e101 -Y -IY I 
1 2 1 2  
C oc 
8 H I. 0 I - I H w 2 4 a E  01 -3.43OSL11E 02 
2 
O C  CIN  K I N  CI" 
-2-247W92E 03 -3-ZS675OOE 02 -1-0372502E 03 -1.69hlS?R 03 
2 
0 0  C I N  E/* CIN.N 
O.)O12112E 02 -0.94a31I4E 01 -4.1098267E 02 2.2741292L 02 
2 
O C  CIN DC/Y CI*.N 
-1.SWImTE 02 -2.11174.YE 02 -1.II05944L 03 -1.577008SE 04 
2 
o c  ClN O C I N  CIN.Y 
- 1 . 1 4 O ~ Z E  02 2.2.PIZ56E 02 1.41bI084E 03 -1.7125822E 04 
2 
o c  CIN  o c I N  CINON 
1.179b7.*€ 04 5.409b3026 03 4.7os3Ol4t 04 2.0141b07E OS 
I 3. 3 ,  - 1 ,  0 I cos I -4L +lOL -3Y -3u 1 
I 2 1 2  
2 
I 3. 3 .  0 1 -3.22136086 0 2  -2.5323508E 0 3  -2.08763536 04 -1.1994051E 04 -9.4286693E 0 4  -4.4651298E @5 
C oc o c  C I N  D C l N  C/N*N 
1 2. 4, - 6 .  0 I COS I -4L +LOL - 2 Y  -4M 1 
1 2 1 2  
C OC D C  C l N  OClN C1N.N 
t 2. 4. 0 I 4.0105143E 02 2.1582437E 03 2.020462lE 04 1.493229TE 04 1.0269733E 0 5  5.5591228E 05 
I I .  5 .  - 5 ,  c I cos I - 4 ~  + ~ O L  - i n  -5n I 
1 2 1 2  
2 
I 1. 5 .  0 1 -2.6517516E 02 -1.56681PTE 03 - 1 ~ 0 0 l S l 5 6 E  04 -9.8955725E 0 3  -5.8331197E 0 4  -3.6844058E 05 
C OC D C  C I N  OClN C I N W  
I 0 .  6 .  -4. o I cus ( - 4 ~  +io1 +OY -6n I 
1 2 1 2  
2 
I 0. 6 .  0 I 7.3216915E 01 3.5983163E 02 2.0053142E 03 2 .72601601 0 3  1.33915656 0 4  1.0149964E 05 
C DC D C  C I N  D C l N  C/N*N 
1-3. 3. I t  0 I COS I +OL +OL +3Y - 3 Y  I 
I 2 1 2  
2 
C OC D C  
k 3. 31 0 I -6.1513127E-01 -6.9865264E 00 -8.2315120E 01 
8 4 ,  0, - 9 ,  I I ccs I - 4 ~  r i o ~  -4n +ob I 
1 2 1 2  
2 
C DC o c  C I N  OClN C1N.N 
c 4 ,  0 .  1 I 1.1168608E 01 1.3614ZS8E 02 1.1387135E 0 3  4.1583936E 0 2  5.0689793E 0 3  1.5482894E 0 4  
I 3. I .  - 8 .  1 ) ccs ( -4L +1OL - 3 Y  - l Y  I 
? / I 2  
2 
I 3. 1. 1 I -8.0299606E 01 -8.9996641E 02 -1.0660414E 0 4  -2.9891850E 0 3  -3.3508331E 04 -1 .11318ZHt  U3 
C c /N.N oc o c  iiii 111 ,II 
I 2. 2. -7.  I I cos ( -4L +1OL - 2 Y  -2Y I 
1 2 1 2  
2 
I 2. 2 .  1 I 2.1lS2003E 02 2.2240919L 0 3  2.4301678E 04 8.0988953E 0 3  8.28095516 04 3.0154513E 05 
C oc D C  C l N  DCIN C/N*H 
I 1. 3 ,  - 6 .  I I cos ( -4L +lOL - 1 Y  - 3 Y  I 
1 2 1 2  
2 
I 1. 3. 1 I -2.6342615E 02 -2.4342373E 03 -2.4404304E 04 -9.8081124E 03 -9.06336416 04 -3.6518420E 02  
C DC D C  C I N  OClN C I N W  
I 0. 4. - 5 .  I I COS I -4L +lOL r 0 Y  -4b I 
I 2 1 2  
2 
I 0 .  4. 1 I 1.2053399E 02 9.9491875E 02 9.0911410E 0 3  4.4818267E 0 3  3.1043683E 04 1-6709468E 0 5  
C OC o c  C l N  OClN C1N.N 
1-3. 1. 2. 1 I COS I +OL +CL + 3 Y  - l Y  I 
1 2 1 2  
2 
C DC O C  
I 3. 1. 1 I -1.8504884E 01 -1.6365191E 02 -1-1302701E 03 
I 1.-3. -2. I I CCS I +OL +OL - l Y  + 3 Y  I 
I 2 1 2  
2 
C DC o c  
I I .  3 ,  1 I -4.4818550E 00 -4.9101600E 01 -6.212744IE 02 
I 1. I ,  -1 .  2 I cos I -4L +lOL - I *  - l Y  I 
1 2 1 2  
C 
I 1. 1. 2 I -2.1861094E 01  - 
2 
oc o c  C I N  OClN C/N*N 




SA0 ANALYTICAL DEVELOPMENT OF THE PLANEIARY OISTURBING FUNCTION 
CONVENTIONAL RELAt lVE CODROINATESv INNER PLANET 
ALPHA I -1454323 BETA .4026858 
I J  r J  s K t 1 I 
1 2  
LS .s , s 1 
1 2  
1 0 .  0 ,  0. 0 1 
I 0 .  0 .  0 I 
L 2 .  0 .  0 1 
I 01 2 ,  0 I 
t 4. 0 ,  0 I 
L 2 ,  2. 0 I 
I 0. 4. 0 I 
L 4. 2 .  0 I 
I 2 .  4 .  0 1 
1 0 .  0. 1 I 
I 2 ,  0. 1 I 
I 0 ,  2, 1 I 
r 4 ,  0 .  I I 
I 2 .  2. 1 I 
I 0. 4. 1 I 
I 0 ,  0 .  2 I 
1 2 .  0. 2 I 
L 0. 2. 2 I 
L 0. 0 .  3 1 
I 6 ,  0. 0 I 
C 0 .  6 .  0 I 
1-1. 1. 1. 0 I 
1 I, 1. 0 I 
L 3. I .  0 I 
L 1. 3. 0 I 
I 51 1. 0 1 
I 3. 3. 0 I 
L 1; 5; 0 I 
I I ,  I ,  1 I 
I 3. 1. 1 I 
1 1. 3, 1 1 
I 1, 1. 2 I 
t-26 2. 2. 0 1 
1 2. 2 ,  0 I 
I 41  2, 0 I 
I z i  4. 0 I 
1 2. 2. 1 I 
E - -05599560 NU = 1.1961703E-04 
2 
COS I I L + I  L -J  Y -J Y I 
1 1  2 2  1 1  2 2  
C OC 
X.XXXXXXXE--- X.XXXXXXX6--- 
cos I +OL +OL +OY +ow I 
1 2 1 2  
C Dc 
1.0901656E 00 































cos I +OL +OL +in -1w 1 























COS I +OL +OL +2Y -2Y I 







D C  C l N  DClN CfW.* 
X.XXXXXXXE- X.XXXXXXXE-- X.XxXXXXXE-- X-XXXXXXXE- 
2 







































1-31 3. 3. 0 I COS 1 +OL +OL +3Y -3Y I 
1 2 1 2  
2 
C Dc o c  
1 31 3, 0 I -1-3305870E-08 -1-3769320E-07 -1.bZZZYB6E-06 
I 06-2. -1. 1 I cos I +OL +oL +OY +2Y I 
1 2 1 2  
2 
C oc o c  
I 0 .  2. 1 I 3.6012300E-07 2.8030568E-06 2.5509903E-05 
1 2. 2. 1 I 1.6470935E-08 1.7138229E-07 2-04M1418E-0b 
1 0 .  4 r  1 I 1.OR92210E-08 1.0803340E-07 1.2402223E-06 
C 01 2. 2 I -1.0863719E-09 -1.14168Z9E-08 -1-3725138t-07 
I-1.-1. 0 ,  1 I cos I +OL +OL +1Y + l Y  I 
1 2 1 2  
2 
C DC o t  
E 1. 1. I I -1.3449128E-06 -8.85U918E-06 -7.1727971E-05 
I 3, 1. 1 I -1.SZBBlHOE-08 -1.8208127t-07 -2.1073953E-06 
E 11 3r 1 1 -3.9578439E-08 -3.6413925E-07 -3.9896881E-06 
I 1. I. 2 I 3.1073200E-09 2.9908256E-08 3.38966956-07 
b-2. 0 .  1. 1 I COS I +OL +OL +ZU +OW I 
1 2 1 2  
2 
C Dc o c  
I 2 .  0 .  1 I 1.262101lE-06 6.7925469E-06 4.8790104E-05 
I 4. 01 1 I S.9991037E-09 5.9501570E-08 6.8307737E-07 
I 2* 2. I I 4.3570014E-08 3.8286030E-07 4-0632197E-06 
I 2 .  01 L I -2.0662810E-09 -1.8671266E-08 -2.0094261E-07 
1-3. 1. 21 1 I COS I +OL +OL +3Y - 1 Y  1 
I 2 1 2  
2 
C DC o c  
P 39 11 I I -1,3920043E-08 -1.2310940E-01 -1.3015118E-06 
l - k * - l e  5 .  I I COS I +2L -51 +kY + l Y  I 
1 2 1 2  
2 
I 49 1. 1 I 6.2373222E-09 5-.8564766E-08 6.21683486-07 -4.6446b846-07 -4.3610689E-06 3,4586069E-05 
C oc o c  CIW O W N  CINW 
1-3.-2. 4, 1 I COS I r2L -5L +3Y +ZY I 
l Z l 2  
2 
C OC 0-c U N  W I N  CIl4.N 
I 3r 2. I I -1-6311801F-08 -1-4251187E-07 -1.4449807E-06 1-2191304E-Ob 1.06122S3E-05 -9.0784047E-05 
I -2e-3.  3r 1 I COS +ZC -5L + Z Y  + 3 Y  I 
1 2 1 2  
2 
1 2. 3, 1 I 2.0127857E-08 1.6391208E-07 1.6104561E46 -1.4988359E-06 -1.2205835E-05 1.1161193E-04 
C O t  O C  CIN OClN CINOW 
1-1.-4. 2. 1 I COS I +2L -5L + l Y  + 4 Y  I 
1 2 1 2  
2 
C Dc 0-c C I N  D c l N  CINON 
1 1. 4. 1 I -1.13627llE-08 -8.8489593E-08 -8.60791'33E-07 8-461327bE-07 b.5894434E-06 -b.3007905E-05 
I 0.-5.  1. 1 I cos I +2L -5L .ow +5w I 
1 2 1 2  
2 
1 0.  5. 1 I 2-2980050E-09 L.788588IE-08 1.7693910E-07 -1-711226bE-07 -1-331885kE-06 1.2742776E-05 
C oc o t  CIN WIN C I W N  
1-5. 2 ,  7. 0 1 cos I +2L -5L + 5 Y  -2Y I 
1 2 1 2  
2 
1 5. 21 0 I -3.8246319t-09 -2-8969751E-08 -2.3393626E-07 2-Ok8OIObE-07 2-15725+1E-Ob -2.lZOOl4bE-05 
C Dc o c  C l W  WIN CINOW 
1-4, 1. 6. 0 I COS I +2L -5L +4Y - l Y  
1 2 1 2  
2 
1 44 1. 0 I -9.364363LE-07 -5.7660692E-06 -3.4817ZSBE-05 6-973242bE-05 4.2937463E-04 -5.lV26771E-03 
I 6 ,  l r  0 I 3.22651 I 3E-09 2- 1744609E-08 I - 698951 1E-07 -2-4026456E-07 -1.6192285~06 1.7Wl480E-05 
t 4, 3. 0 I 2.1908995E-08 1.8174567E-07 1.4111277E-06 -2-07826kLE-Ob -1.3980621E-05 1.5475940E-Ok 
C 4. 1. 1 I 8-1237509E-IO 2-4980077E-09 -3-9680703E-01 -6-1238773E-08 -1.8601600E-07 ~ . 5 U ) I V O V E - O I  
C DC o c  CIW W I N  ClNOW 
c 34 0 ,  -5. 0 I cos I -2L +5L -3Y +ow I 
1 2 1 2  
2 
C M: o c  C f N  OClN C I W N  
3 b  0. 0 I -1.3060745E-04 -7-kk7937lE-04 -4-Sk33235E-03 -9.7257.0.E-03 -5.Wbl6l8E-02 -7~24237~1~01 
- 64- 
1 26 1. -4. 0 I COS I -2L +SL -2Y -1Y I 
1 2 1 2  
2 
C oc o c  C I M  Dc/M 
I 2. I. 0 I 7-5142505E-04 . 3.5728301E-03 1.8612223E-02 5.6402220E-02 2-6605345E-01 
t 4 b  1 s  0 I -1.8888385E-06 -5.0942521E-06 1.0219017E-05 -1.4065377E-04 -3.1934727E-04 
t 2. 3. 0 I -1.4364304E-05 -5.6389120E-05 -1.8766112E-04 -1.06964UE-03 -4.lW0511E-03 
t 6. 1. 0 1 2.6431839E-09 1-9145114E-08 2.3312521E-01 1.968266LE-07 I-4256597E-06 
f 4. 3. 0 I 6.2021004E-08 3.5587490E-07 3.0511855E-06 4.6188010E-06 2.6500119E-05 
t 2. 5. 0 I 1.1115362E-07 6.03610WE-07 4-5131310E-06 8.2111369E-06 4A952W3E-05 
1 2 ,  1. 1 I -1.2046992E-06 -8.8035489E-06 -7-5195543C-05 -8.9708124E-05 -6.5556282E-04 
I 4. 1. 1 I -4.2301261E-09 -6.4066404E-08 -9-273268ZE-07 -3.L4-E-07 -4.7701525E-06 
I 2. 3. 1 I 1.102690lE-09 -1-1815334E-08 -1.6664018E-Ob 1.2679213E-07 -5.7945768E-06 
I 2. I ,  2 I 1.9071970E-09 '2.0155385E-08 2.4225413E-07 1.4206552E-07 1-5008158E-06 
1 1 6  2, -3. 0 I cos I -2L +5L -1u -2Y I 
1 2 1 2  
I I ,  2 )  0 I 
t 3. 2. 0 I 
1 1. 4. 0 I 
I 5; 2; 0 I 
I 36 4, 0 1 
1 1. 6. 0 I 
E 1. 2. 1 I 
1 3. 2 .  1 I 
t 1. 4. 1 I 
i i; 2. 2 I 
2 
C Dc D C  Cf M KIM 
-1.4543303E-03 -5.42963681-03 -2-3138827E-02 -1.0829779E-01 -4-0432194E-01 
3.351230lE-06 1.3524385E-06 -8.9558017E-05 2.4955188E-01 1.0011034E-04 
1.4380354E-05 3.9023110E-05 4-9524112E-05 1.0108438E-03 2-9051849E-03 
-7.8218300E-09 -6.5206986E-08 -8.6956331E-07 -5.82461398-07 -4.8556861E-06 
-8.3503213E-08 -4.814409OE-01 -4.198OMOE-06 -6.21812896-06 -3.6297650E-05 
-1.8LbZ154C-08 -4.0092663E-07 -3-26849OOE-06 -5.8204476E-06 -2.9855300E-OS 
1.9243459E-06 1.2528208E-05 9-9756262E-05 1.4329785E-04 9-3292238E-04 
1.4165170E-08 1.1616885E-07 2-2914000E-06 1.0548646E-06 1.3163224E-OS 
-2.1130101E-09 -2.7634264E-08 -3.1944117E-01 -2.W49426E-07 -2.0578060E-06 












1 0. 3, -2. 0 I cos I -2L +5L *OY -3Y I 
I 2 1 2  
2 
c 0 ,  3. 0 I 9.2123446E-04 2.535155lE-03 9 - N W l 9 E - 0 3  6.860MlOE-02 1.88826931-01 5.1083806E 00 
2. 3. 0 I -1.1220229E-06 9-66317058-06 1-4153309E-04 -1.2823111E-M 7-19575IeC-Ol -9.54#8701E-03 . C. 5. Q 3 -5.0114160E-06 -6.91651klF-06 2.4102218E-05 -3.1165124E-01 -5.1504341E-04 -2.8122011C42 
t 4, 3. 0 I 1.2691023t-0i : .2?3?T2?F-07 1.6483966E-06 ?.4549323E-07 9.1888654E-06 1d40615W-05 
6 2. 5. 0 I 5.1551682E-08 3.1632828E-01 4.1154183t-X -.2.552*0F-06 2.8023566E-05 !.19132YE-M 
I 0. 1, 0 I 2.2997016E-08 1.16813118-07 1-O453413E-06 1.112494+E-06 8.1030413iOi ..2?5II?7E-M 
I 0. 3. 1 I -9.6815168E-01 -5.6295141E-06 -4.2391663E-05 -1.2138816E-05 -4.1921OIZE-04 -5.31187WE-03 
t 2) 3. 1 I -1.891906bE-08 -2.02159blE-07 -2.394584OE-06 -1.4081224E-06 -1.5053966E-05 -1.04eOMLE-M 
C 0. 5. 1 I -4.55629lLE-09 -6.1485511E-08 -8.8210186E-01 -3.3928106E-07 -510253589E-06 -2.5265331E-05 
c 0. 3, 2 I 1.2160483E-09 112111745E-08 1.35969541-07 9.5021881E-08 9.023U93E-07 1-0758756E-06 
C DC o c  C I M  Dc/M C/M.* 
*l-l. 4. -11 0 I COS I -2L +5L +1Y -4Y I 
1 2 1 2  
2 
t 1. 4. 0 I -1.3481549E-06 -8.4752498E-06 -6,5832819E-05 -1.0013bW-04 -6.3104132E-04 -1.4790WbE-03 
t 3. 4. 0 I -9.8142629E-09 -1.2105LllE-07 -1.5331602E-06 -7.35294%-07 -9.0141653E-06 -5Al5424OE-05 
t I.  6. 0 I -1.2349246E-08 -1.2631149E-01 -1.453912lE-06 -9.1959583E-01 -9AO6326lE-06 -6.84783e7E-05 
1.1. 4. 1 I 8.1314346E-09 L1122395E-08 8.9485486E-07 6.5019279E-07 6.0401396E-06 4.8417090E-05 
C oc O C  C/* DClN C I * W  
1-2, 5. 0. 0 I cos I -2L +5L +2Y -5Y I 
1 2 1 2  
2 
c 2 ,  5. 0 I 4.1968031E-01 4.8634233E-08 5.5063220E-01 3.511975lE-07 3.6215844E-06 2.659a979E-05 
C oc O C  C/* I Y I M  CIMW 
c 2.-1. -5. 1 I cos I -2L +5L -ZY +1Y I 
1 2 1 2  
2 
C Dc O C  CIN D c I M  Cf*.* 
c 2, I.  1 I -i .285i556~-08 - ~ . z P ~ o ~ z ~ E - o ~  -2.oot.oa55~-06 - 5 . ~ 5 3 9 2 1 ~ - 0 6  - ~ . I P ~ ~ ~ s ~ E - o s  -~.MOOSUE-M 
t 4. I .  1 I 1.8001139E-10 3.3936230E-09 6.4896986E-08 1.340WZE-08 2.5270866E-07 9.9811963E-01 
r 2. 3. I I 2.811113lE-09 2.4984781E-08 2.8008157E-07 2.0931636E-07 1.8605104E-06 1.559136bE-05 
1 2. 1. 2 I 1.8611027E-11 -4.4983448E-10 -1.3877428E-08 1.3907PIlE-09 -3-34912bOE-08 1-035bbUE-07 
b I r  0. -4. 1 I COS I -2L +5L - I Y  +OM I 
1 2 1 2  
C oc 
1 1. 01  1 I -1.6191344E-06 -5.191922%-05 
I 3r 0 ,  1 ) -5.4304326E-08 -5.6342411E-01 
1 1. 2. 1 I 2.5423209E-07 1.1301188E-06 
1 5. 01 1 I -2.1390346E-IO -3.4386364E-09 
I 3r 21 1 I -1.1936380E-09 -2.33515751-08 
1 1. 4 r  I I -4.9531759E-09 -4.2911112E-08 
1 I. 0.  2 I I.2181624E-08 1.1232315E-07 
t 3. 0 ,  2 I 2.3838434E-10 3.0311518E-09 
I 1. 2. 2 I 5.1226093E-11 2.9213960E-09 
1 1. 0. 3 I -1.5+L1718E-ll -1.883Ml3E-10 
t 0. 1. -3. I I cos I -2L +5L +om - l Y  I 
1 2 1 2  
2 























C Dc 0-C C/* ocm C I * H I  
t 0. 1. 1 I 1.113808lE-05 9.8629426~-05 6.518491OE-04 1.27620ME-03 7.3445137E-03 9.5033213E-02 
1 2. I ,  I I 2.8055187E-07 2.41884WE-06 2.4913105E-05 2.0191911E-05 1.84519kLE-04 1.55S7347W) 
1 0. 3, I I -2.1372381E-01 -5.8181298E-01 2-2991910E-06 -1.5915103E-OS -4.3176399€-05 -1.1851300E-0) 
I 4. I ,  1 I 1.1063149E-09 2.382542OE-08 3.4718610E-07 1.2106648E-07 1.774177lE-06 9AUI000€-0. 
I 2. 3. 1 I 2.9848801E-09 5.5290301E-08 9.1454516C-01 2.222713#E-07 4.1172396E-Ob 1~6551.02E-O) 
I 0 .  5. 1 I 3.0328431E-09 2.6063917E-08 3.L595653E-07 2-2584292E-07 1-9kO8690E-06 1.6817561E-05 
1 0. 1. 2 1 -2.2657239E-08 -1.8965631E-07 -1.8437100E-06 -1.6871882E-06 -1-4122898E-05 -1-2563772E-M 
1, 2. 1. 2 1 -9~7205965E-10 -1.1314472E-08 -1.4791722E-07 -7.2381423E-08 -8.4254060E-07 -5.3899365E-06 
1 0. 3. 2 I -1-6205411E-10 -3.6741989E-09 -6.3172241E-08 -1-2067480E-08 -2.7360196E-07 -8.9861389E-01 
I 0. I ,  3 I 2.5610392E-11 2.9537892E-IO j.841884OE-09 1.9070969E-09 2-1995611E-08 1.42013391-07 
. 
1-11 2 ,  -2. I I cos ( - 2 1  +5L +IN -2Y I 
1 2 1 2  
2 
I I r  2 .  1 I -3.5653428E-07 -2.6531072E-06 -2.3743360E-05 -2.6549590E-05 -1-9756560E-04 -1.9770350E-03 
1 3. 21 1 I -4-4305906E-09 -5.38138OkE-08 -7.1043395E-07 -3-29927236-07 -4-0072850E-06 -2.4568277E-05 
1 1. 4. 1 1 -2-6661125E-09 -4.3852656E-08 -6.5071751E-07 -1.9859362E-07 -3-2655207E-06 -1.47884221-05 
I 1. 21 2 I 9.6767902E-10 1.0304406E-00 1.2620847t-07 7.2058940E-08 7.6732529E-07 5.3659226E-06 
C OC D C  C I N  D C I Y  C1N.N 
1-2. 3. -1, I I cos I -21 +5L .2Y - 3 Y  I 
1 2 1 2  
2 
I 2. 3, I I 3-7060275F-09 3.9682088E-08 4.7433529t-07 2.8044004E-07 2.9549562E-06 2.0883176E-05 
C oc o c  C I N  D C l N  GIN-N 
I 6 .  0.-10. 0 I COS I -41 +1OL -6Y +OU I 
1 2 1 2  
2 
I 6r 01  0 I 4-3925198F-08 4-7520448t-07 5.2651540t-06 1.6354613E-06 1.7693228E-05 6-0892922E-05 
1 8 r  0. 0 I -3.3384122E-10 -3.4388286E-09 -3.5305990t-08 -1.2429868E-08 -12803747E-07 -4-6279967E-07 
I 61 2 s  0 I -9.2730438E-09 -9.7649900E-08 -1.0395336E-06 -3.4526205E-07 -3.6357862E-06 -1-2855098E-05 
I 6 .  01 I I -1.6130533E-LO -2-1527894t-09 -3.0326411t-08 -6.0058608E-09 -8.0154532E-08 -2.2361545E-07 
c uc o c  C I N  OCIN C1N.N 
I 5. I ,  -9. 0 I cos I -4L +1OL -5Y - l Y  I 
1 2 1 2  
7 
L OC o c  C I N  OCIN C1N.N 
1 5. 1. 0 I -5.IL349dBL-07 -5.017617kE-06 -5.0803241E-05 -1.9001792E-05 -1.8682031E-04 -7.0749130E-04 
I 7, 1. 0 I 4.009491bF-09 3-70507?3t-OR 3.3913222t-07 1.4928489t-07 1.3795048E-06 5.55830516-06 
I 5 .  3 1  0 I 4.9293345E-08 4.690044ht-07 4.5157475E-Ob 1.8353328E-Ob 1.7462383E-05 6.83347121-05 
1 5. 1. 1 I 1.7332248E-09 2.1528453E-OB 2.8496197E-07 6.4532937E-08 8.0156615E-07 2.402746bE-06 
I 4. 2 .  -8. C I COS I -4L +lOL -4Y -2Y I 
1 2 1 2  
2 
I 4 ,  2 .  0 I 2.40h8050E-06 2.1821095t-0s L.OOZBB80t-04 9.1846234E-05 8.1246203E-04 3.4196991E-03 
1 6. 1. 0 I -2-0306442k-08 -1.6572314E-07 -1.3234923E-06 -7.3606715t-07 -6.1703485E-06 -2.8150552E-05 
I 41 * e  0 I -1.4438923F-U7 -1-2264700i-00 -1.0550898t-05 -5.3760256E-06 -4.5665001E-05 -2.0016488E-04 
1 4 9  2 .  1 I -1.b873801E-09 -8.8454149t-08 -1.0977130L-L6 -2.8622324E-01 -3.2V34020E-06 -1.0656914E-0'3 
C DC u c  C I N  OCIN C1N.N 
1 3. 3. -7. 0 I cos I -4L + l O L  -3u -3u I 
1 2 1 2  
? 
I 3. 3. 0 I -6.348784lE-06 -4.9908562F-05 -4.1143935E-04 -2.3638346E-04 -1.8582391E-03 -8.8012353E-03 
I 5 .  3. 0 I 5.599525OE-08 3.9490649L-07 1.6568794t-06 2.0848640E-06 1.4703503E-05 7.7625476E-05 
I 3,  5. n I 2-5146197E-07 1.8779408E-Oh 1.4204639E-05 9.3626515E-06 6.9921131E-05 3.485984lE-04 
I 3, 31 1 I 1.7982372E-08 1.907063tlt-07 2.2148429E-06 6.69>3535E-07 7.1005431E-06 2.4928724E-05 
C DL O C  C I N  OCIN CIN-N 
t 2. 4 ,  -6 .  0 I COS I -4L +lOL -2Y - 4 Y  I 
1 2 1 2  
L 
I 2 .  4 ,  0 I 9.175054bF-06 5.3101723E-05 4.6223137E-04 3.4161364E-04 2.3494584E-03 1.2119257E-02 
1 4.  4, 0 I -P.026i081E-O8 -5.3249185E-07 -2.8209910E-06 -3.3610072E-06 -1.9826201E-05 -1-2513995E-04 
1 2 ,  6. 0 I -2.6008787E-07 -1.b73523JE-06 -1-O885691E-05 -9.6838186E-06 -6.2310080E-05 -3.bOS5638E-04 
I 2 .  4. 1 1 -2.3340748t-08 -2.2691495E-07 -~.4637112F-06 -d.6904308E-07 -8.4486953~5-06 -3.2356970E-05 
L oc D C  C I N  K I N  GIN-N 
I 1. 5 ,  -5. 0 I cos I -4L +1OL - l Y  -5Y I 
I 2 1 2  
7 
C oc D C  C I N  OCIN C/N+N 
1 I t  5. 0 I -7.0579794E-06 -4.1608784E-05 -2.675579Ok-04 -2.627888kE-04 -1.5492145E-03 -9.7843834E-03 
1 Js 5 .  0 I 8.4314951t-08 3-937983LlE-07 1.3755412F-06 3.1392878E-06 1.466224SE-05 11168847OE-04 
I 1. 7. 0 I 1.41741>2E-07 7.9644R20t-07 4.3094527b-06 5.50084llE-06 2.9654054E-05 2.0481212E-04 
I I .  5 .  1 I 1.5fl83200t-08 1-4077930E-07 1.4293999t-06 5-9137717E-07 5.2416176E-06 2.2018670E-05 
I 0 .  6 .  -49 0 I COS 1 -4L +lo1  +UU -6Y I 
1 2 1 2  
2 
I 01  6. 0 I 2.2570170F-06 1.1092329E-05 6.1818551E-05 8-4035225E-05 4.IZ99927E-04 3-1288728E-03 
I 21 6. 0 I -4 . lbl7028t-08 -1.3758898t-07 -8-7197422E-08 -1.5495215E-06 -5.1228330E-06 -5.7693135E-05 
1 01 (I. 0 I -3.55U6057F-OB -1-5381737E-07 -6-546056lt -07 -1.32199236-06 -5.7292966E-06 -4-922157OE-05 
1 0. 6 .  1 I -4.5039483E-09 -3.54149671-08 -3-3717822E-07 -1.6397164E-07 -1.3186009E-06 -6.1051353E-06 
C oc D C  C I N  D C I N  C/N.N 
1-1. 7. -3 ,  0 I cos I -4L +IO1 * I Y  -7Y I 
1 2 1 2  
2 
I 1. 7. 0 I 0.1401403E-09 1.3418615E-08 -1-0345138E-07 3 -0308080~-07  5.0184755E-07 1.1284569E-05 
C oc O C  C I N  D C I N  CIN-N 
- 66- 
I 4 ,  0. -9. 1 I cos I -4L +1OL -4Y +ow 1 
1 2 1 2  
2 
I 4.  0. 1 1 7.2376212E-09 8.8224819E-08 1.1267429E-06 2.6947743E-07 3.2848634E-06 1.0033419E-05 
C OC o c  C f  N OCf N Cf NOW 
I 3, 1 .  -R. 1 I cos I -4L +1OL -3Y - l Y  1 
1 2 1 2  














I 2. 2, -7.  1 I cos I - 4 ~  + ~ O L  -2n - Z Y  I 
1 2 1 2  
2 
r 2. 2. 1 1 1.SYY3756t-07 1,9420728E-06 2.1225361E-05 7.07192lOE-06 7.2308949E-05 2.6330193E-04 
I 4 ,  21 1 I 8.2891501E-11 6.7328142E-09 1.6063836E-07 3.0862887E-09 2.5068201E-07 1-14911396-07 
I 2. 4. 1 1 -9.31227125-09 -8.4814880E-08 -7.7482243E-07 -3.4672260E-07 -3.1519016E-06 -1.2909478E-05 
0 2. 2. 2 I -5.3777348E-10 -6.9075933E-09 -9.6213090E-08 -2.0022852E-08 -2.57189546-07 -7-45508276-07 
C oc O C  CfN OCf N CINON 
1 1 s  3. -6s 1 I COS I -4L +10L - lY  -3Y I 
1 2 1 2  
2 
I 1. 3. 1 1 -2.6701024E-01 -2.4673567E-06 -2.+736340E-05 -9.9415580E-06 -9.1866776E-05 -3.7015276E-04 
I 3. 3. 1 1 -8.6780035E-10 -2.0426637E-08 -3.1567370E-07 -3.2310700E-08 -7.6054237E-07 -1.20302016-06 
I I ,  5 .  I I 8.7U03406E-09 6.9490669E-08 5.4857628E-07 3.2393667E-07 2.5873372E-06 1.2061167E-05 
I I ,  3 .  2 I 6.804560lE-10 8.1297023E-09 1.0674388E-07 2.5335332E-08 3.0269211E-07 9.4330716E-07 
C OC O C  ClN DCfN C f  WON 
I n, 4 ,  -5. I I cos I -+L +LOL +ow -4w I 
1 2 1 2  
C OC u c  Cf N W I N  CfNON 
I 0 .  4 ,  1 I 1.4181951E-07 1.1706149E-06 1.0696577E-05 52803415E-06 4.3585354E-05 1.9660250E-04 
I 2. 4 ,  1 ) 1.6235024E-09 2.6554233t-08 4.0967333E-07 6.0447657E-08 9.8869035E-07 2.2506399E-06 
I 01 61 1 1 -3.2380448E-09 -2.212921bE-08 -1.4467557E-07 -1.2056171E-07 -8.2393426E-07 -4.4888587E-06 
I 0, 4 .  2 1 -3.ZJ62727E-LO -3.54876496-09 -4.3881078E-08 -1.193@991€-08 -1.32130716-01 -4.4452294E-07 
I 5. 4v-11 ,  0 I COS I -6L +15L -5Y - 4 Y  I 
1 2 1 2  
2 
C OC O C  ClN OWN CfNON 
.3.3249973€-08 -3.9646430€-07 -4.8390752E-06 -8.2532800E-07 -9.841003lE-06 -2.0416221E-05 
1 4 .  5.-10. 0 1 COS I -6L +15L -4Y -5Y I 
1 2 1 2  
2 
I 4. 5 ,  0 I 6.4147801E-08 7.0164095E-07 7.8942178E-06 1.5922712E-06 1.7416072E-05 3.95232216-05 
C or. O C  CfN DCfN C1N.N 
I 3 .  6, -9. 0 I COS I -6L +15L -3Y - 6 Y  1 
1 2 1 2  
2 
I 3. 6. 0 I -8.2445754E-08 -8.2057314t-07 -H.4552188E-06 -2.0464615E-06 -2.0368196E-05 -5.0797092E-05 
C oc O C  CfN OCf N CfN-N 
t 2. 7 .  -8. 0 I cos I -hL +15L -2Y - 7 Y  1 
1 2 1 2  
2 
I 2. 1. 0 ) 6.807228jE-08 6.1053009E-07 5.71867bYL-06 1.6896844E-06 1.51545266-05 4-1941202E-05 
C DC O C  C f  N OCf N CfNON 
I I .  8,  -7.  c I c r s  I - 6 ~  +ISL -IY -8n 
1 2 1 2  
? 
I 1, 8, 0 I -3.276445lE-08 -2.6165273E-07 -2.2090167E-06 -R.1327641E-07 -6-4947217E-06 -2.0117078E-05 
C OC O C  C f  N W I N  CfNON 
-67- 
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I n  l i n e  5 from bottom, the  words "inner" and "outer" 
should be transposed. 
The superscripts h on the  r igh t  s ide of equation (16) 
should read h-1. 
The first number of l i n e  4 should read 0.11279093, 
The a i n  l i n e  16 should read + . 
at top  of page, and t h e  TnJk Erase the  first z;i i  - 6,3 
